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Resumo 
A energia solar é a fonte energética mais abundante, sendo a do tipo Fotovoltaica em franco 
desenvolvimento frente às demais tecnologias energéticas que podem fornecer energia 
descentralizada em todas as partes do mundo. Embora o Brasil e a China estejam se tornando 
atores-chave na arena das energias renováveis, eles têm uma situação completamente 
diferente quanto ao desenvolvimento da energia solar. O objetivo deste projeto de pesquisa de 
doutorado é analisar o desenvolvimento da energia fotovoltaica no Brasil e na China, em 
busca de responder à seguinte pergunta: por que na China a energia solar se desenvolveu 
rapidamente, enquanto no Brasil não? O estudo utiliza a combinação de método comparativo 
e perspectiva cosmopolita que enquadram a comparação de caminhos de desenvolvimento de 
energia solar em ambos os países, com o objetivo de preencher as lacunas entre estudos 
sociais e ambientais, político-econômico internacional e energia renovável. Os setores de 
energia solar brasileira e chinesa, em sua interligação com o mercado global de energia 
renovável, portanto, são apresentados como uma contribuição para os estudos comparativos, 
bem como um caso empírico para a sociologia da globalização. As descobertas finais 
demonstraram que o desenvolvimento da energia solar no Brasil e na China está condicionado 
aos caminhos de desenvolvimento do setor nacional de energia, aos interesses estatais, bem 
como à sua inserção no comércio mundial globalizado. Além das análises de mercado e 
perspectivas governamentais do setor de energia solar, o estudo analisa como ambas 
sociedades a concebem. As ideias formam a identidade do conceito solar, que depois se traduz 
em política pública. A tecnologia PV propõe um enorme potencial de transformação social 
que os países emergentes precisam e, redefinindo a ideia por trás do conceito é possível 
redirecionar o caminho de desenvolvimento da tecnologia. Finalmente, foram identificados os 
motores e barreiras do desenvolvimento de energia solar em ambos os países e algumas 
propostas apresentadas para uma maior cooperação entre eles.  
Palavras-chave: Brasil; China; energia fotovoltaica; política de energia renovável; 




The sun is the most abundant source of energy and Photovoltaics is one of the fastest 
developing technologies which can provide it in a decentralised way to every part of the 
world. Though Brazil and China are key actors in the renewable energy arena, they present 
completely different situations regarding the development of solar energy. The purpose of this 
PhD research is to analyse the development of photovoltaic energy in Brazil and China, 
looking to answer the question: why has solar energy rapidly developed in China and not in 
Brazil? This study uses a combination of the comparative method and of the cosmopolitism 
theory to frame the comparison of solar energy development paths in both countries. It aims to 
bridge the gap between social and environmental studies, economics, international politics and 
renewable energy studies. Brazilian and Chinese solar energy sectors in their 
interconnectedness with the global renewable energy market, therefore, are presented as 
contributions to comparative studies, as well as empirical cases within sociology of 
globalisation. The findings demonstrate that solar energy development in Brazil and China is 
conditioned by the development paths of the national energy sectors, to State interests, as well 
as to their insertion in world trade. Along with market analyses and government perspectives 
on the solar energy sector, the study analyses the ideas which the societies have about solar 
energy. The ideas form the identity of the concept of solar energy, which is then translated 
into public policy. PV technology offers huge potential for social transformation which these 
emerging countries need and by redefining the idea behind the concept, it’s possible to 
redirect the development path of the technology. Finally, the drivers and barriers of solar 
energy development in both countries have been identified and practical recommendations 
have been elaborated for further cooperation between the countries. 
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In modern societies, life without electricity cannot be imagined and yet, over one 
billion people still do not have a constant access to it worldwide (IEA 2017). At the same 
time, global population is growing and living conditions are improving, which contributes to 
the increase in energy demand. Fossil fuels and in particular coal were used since the 19
th
 
century to boost industrial development, provoking an increase in greenhouse (GHG) 
emissions and consequently climate change. As a result, the 21
st
 century signalled the growing 
participation of different renewable energy sources, which became an important tool to reduce 
the emissions and mitigate climate change consequences, among other economic and social 
benefits these technologies could bring.  
Solar energy is the most abundant and one of the fastest developing energy 
technologies that can provide decentralised energy to every part of the world. Approximately 
one-third of the world’s population lives in rural areas without access to the grid, mainly in 
emerging countries. Solar energy technology is capable of providing electricity in these 
regions with minimum infrastructure requirements. This study focuses mainly on photovoltaic 
(PV) technology, as it is the most widespread technology which converts solar radiation into 
electrical energy. Moreover, it has the unique characteristic of enabling distributed generation, 
empowering regular consumers and democratising the energy sector. 
At the beginning of the development of photovoltaic technology, mainly developed 
countries were leading the technological process as well as negotiations on climate change. 
Yet, in recent years the trend has changed with developing countries becoming important 
players in the renewable energy race. Moreover, the USA having withdrawn from the Paris 
Climate Agreement, developing countries led by the People’s Republic of China (hereafter 
China) have become some of the main actors of climate change negotiations, urging 
researchers to redirect their attention to new trends and players. While much literature can be 
found about the solar energy sector in developed countries, information regarding the role of 
solar energy is still scarce in developing countries.  
Brazil and China are key players in the global renewable energy market with well-
developed hydro, biofuel and wind sectors. Brazil currently has one of the cleanest energy 
matrixes in the world with approximately 74.6% of electricity comes from renewable energy 
sources, mainly hydropower (65.2%) (EPE 2015). Brazil has a central role in the climate 
mitigation process, due to successful initiatives of biofuel deployment and large share of 
renewable in the energy matrix. China, on the other hand, despite being the first polluter, 
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became the largest renewable market in the world with 433 GW of generating capacity
1
 at the 
end of 2014  (Bloomberg News, 2015). Year 2013 was the first ever that China invested more 
in renewable energy than all countries in Europe together (Frankfurt School-UNEP 
Centre/BNEF, 2015).  
The roots of solar energy use in Brazil and China come from the rural remote areas, in 
which governments used PV technology among others to provide an energy access to isolated 
communities. Both countries have been noted for their international importance in the sector 
and, above all, emerging importance of the environmental issues at the core of their political 
processes (Ferreira and Barbi 2016). Yet, the same global context of solar energy 
development in the 2000s brought different outcomes in terms of development of the PV 
sectors in Brazil and China, with reasons rooted in national policies but also in the two 
countries’ positions in the globalised world. 
The national energy sector, which was formerly considered a prerogative of Nation-
states, is becoming more and more globalised. Energy resources are transported long distances 
and create powerful interlinkages between countries. Energy thus contributes to the 
globalisation of the world, but has received little attention in the globalisation literature 
(Overland 2016). In the modern interconnected world, the majority of industries have 
connections with other countries, especially the energy sector. Renewable energy deployment 
has become even more of a global issue than energy from conventional sources, due to the 
geographical distribution in several countries' value-chains of energy equipment, foreign 
investments, high-technology export opportunities and many other conditions. Thus, there is a 
need for more multi-level analyses using the holistic
2
 approach to the energy sector.  
Consequently, this study uses a multi-level theoretical framework, incorporating the 
comparative method and cosmopolitan theory. The former is a tool to frame the analysis of 
two countries’ national solar energy policy whilst the latter draws a global vector into the 
analyses. However, it is important to note that this study will not compare Brazil and China as 
two equal units, but rather will demonstrate two different development paths which solar 
energy undertook in these emerging countries. The two countries have different historical, 
cultural and political backgrounds. Even the size of their electricity sectors are incomparable, 
as demonstrated in Table 1. Solely by analysing the total electricity consumption in Brazil — 
                                                 
1
 Capacity refers to the maximum generation level to the best scenario in a given hour (Prince, Patrick 
E. and Zheng, Bingqing, 2015) 
2
 The holistic approach in ecology and environmental science derives from the idea proposed by 
Harrison Brown that "a precondition for solving [complex] problems is a realization that all of them are 
interlocked, with the result that they cannot be solved piecemeal (Encyclopedia.com)." 
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which accounts for 509 TWh— and in China —5,219 TWh—, it is possible already to see 
how different the two countries are. As for solar energy, despite a large gap in installed 
capacity, it yet accounts for a small share of the total electricity consumption in both 
countries.  
Table 1. Main solar energy related indicators in Brazil and China 
Indicators Brazil China 
Total electricity consumption 509 TWh 5,219 TWh 
Solar energy (% of total domestic supply) 0.59% 3% 
PV total capacity (2017)  1 GW 78 GW 
PV total capacity planned to 2020 2.6 GW 100 GW 
Sources: (ANEEL/BIG 2017; Enerdata 2017; IEA 2016a; NDRC 2016) 
However, despite the modest share of solar energy in the national electricity mix, 
renewable energy technology represents a promising field not only in each country’s national 
energy sector, but also in both countries’ cooperation framework. China is already Brazil’s 
first trading partner and it is becoming one of Brazil's major partners in terms of renewable 
energy, with both countries viewing the sector of solar energy as an important item for mutual 
cooperation (Itamaraty 2014). Yet, there are still very few projects and investments in the 
solar energy sector that can demonstrate difficulties and barriers faced by Chinese companies 
in Brazil. However, as the Brazilian government will need to deal, amongst others, with 
Chinese stakeholders in order to develop the solar energy sector, it is crucial to have a clear 
understanding of that sector in both countries.  
The research objectives  
The initial questions motivating this research were: What are the drivers of solar 
energy development in Brazil and China? Why did the solar energy sector flourish so rapidly 
in one emerging country, China, while in the other it is still at an incipient stage? Why did the 
same global context provoke the emergence of a PV industry in China and not in Brazil?  
This research aims to analyse the external and internal factors in solar energy 
development in Brazil and China as well as how they influence each other, using a 
combination of the comparative method and cosmopolitan theory. The objective of the present 
study is to (i) examine the global trends in the solar energy sector; (ii) analyse the 
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development of the Brazilian and Chinese solar energy sectors in their “interconnectedness”; 
(iii) evaluate the internal factors of Identities, Interests and Institutions, that shape the 
development of solar energy at the national and international level. 
The main research hypothesis is that solar energy development in Brazil and China is 
conditioned to the development paths of national energy sectors, to State interests, as well as 
their insertion in globalised world trade. In order to test this hypothesis, a comparative 
analysis of the solar energy sectors in Brazil and in China is conducted using data from 
national and international sources and interviews with key stakeholders.  
Moreover, this study aims to bridge the gap between social and environmental studies, 
economics, international politics, geopolitics and renewable energy studies; by bringing many 
different parameters into the analysis. The research is not limited to industry or market 
analyses, but also focuses on main actors, national and international policy, as well the role of 
society and identity in the political process. According to the work of B.K. Sovacool, the 
content analysis of three leading energy journals from 1999 to 2013 leads to the following 
conclusions: a lack of publications authored by women, a possible underrepresentation of 
scholars and methodologies from social sciences and humanities, and a lack of 
interdisciplinary scholarship (Sovacool 2014). Although the comparative study of societies 
dates back to antiquity, less than 14 percent of the articles in Sovacool’s sample explored at 
least two case studies. Nonetheless, comparative studies, by producing more data than a single 
case, can more rigorously generate and test hypothesis across multiple areas, resulting in 
stronger evidence through a convergence of findings, and a wider applicability of results 
(ibid). 
Globalisation and Brazil's changing role in the international scene provided it with new 
challenges. New partners are emerging, together with new possibilities, challenging the 
conventional perception of China as being irrelevant for Brazilian development (Dwyer 
2012). Thus, it is of crucial importance to develop new studies regarding the Chinese-
Brazilian relationship within different areas. Academic cooperation has emerged recently and 
these pioneering efforts contribute to Brazil's progress in understanding the challenges and 
opportunities associated with the rise of China (Dwyer 2012). Thus, this study aims to 
contribute to the further fruitful cooperation between the countries in the solar energy sector, 
by providing clear guidelines for the main stakeholders. Moreover, the proposed scenarios 
will bring a long-term vision to solar energy development in Brazil and China and to the 
relationship between the countries.  
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Methodological approach  
Social sciences and politics usually frame energy studies within the perspective of the 
Nation-state, taking into account the global market only superficially (Beck and Sznaider 
2006; Souza and Cavalcante 2016). Thus, this study aims to demonstrate the existence of a 
global vector, which impacts local decisions. However, it is not our intention to reduce the 
role of the State in the energy sector. Indeed, States pursue primarily their national interests in 
energy planning in order to provide constant, cheap and high-quality energy services to their 
citizens. Rather, the study demonstrates the decisive role of States in enabling the global 
operation and coordination of the renewable energy market, with the purpose of strengthening 
the local manufacturers and their insertion into the global market. However, in order to have a 
comprehensive overview of national energy strategy, it is necessary to take into consideration 
the whole range of transnational interdependencies, power relations and overlapping 
causalities that are at the very core of the decision-making processes of energy authorities, but 
cannot be properly identified without the methodological implosion of the Nation-state as an 
analytical framework. 
Thus, the analysis of how and why solar energy development took place in Brazil can 
be conducted in a global perspective, taking solar energy development in China as a reference 
in order to build larger picture. As a framework for the analysis, the comparative method 
together with cosmopolitanisation
3
 are used to gain a detailed understanding of national solar 
energy development and its interconnectedness with the global and in particular with the 
Chinese market.  
“Cosmopolitanization is a frame of reference for empirical exploration for 
globalization from within, globalization internalized” (Beck 2002, p.32), meaning that the key 
questions can no longer be located nationally or locally, but only globally. The sociology of 
globalisation has largely emphasised that a wide set of phenomena—climate change, 
migration, the finance market, identity—can no longer be understood in reference to the 
analytical framework of States (Beck 2003; Sassen 2007). As argued by Sassen, there are 
many processes which are localised nationally, yet are a part of globalisation (Sassen 2007). 
The same pattern is applicable to solar energy which is already a global phenomenon. The 
value-chain of the PV industry is spread throughout many countries and tight ties of 
                                                 
3
 Cosmopolitanism is an ancient set of political ideas, philosophies and ideologies, while 
cosmopolitanisation is frame of reference for empirical exploration of internalized globalisation. It is not a 
philosophical system of idea, or globalisation that happens outside, but what exists in the middle of our lives and 
how globalization impacts it (Beck, 2002).  
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interdependence are created. Climate change negotiations also prioritised solar energy 
development as an important tool to reduce emissions, introducing solar into the international 
agenda.  
Moreover, the global environmental problems are the outcome of a set of social 
changes since the industrial revolution. For example, the Risk Society concept developed by 
Beck is a good way of understanding climate change as a result of human activities, as 
technical and scientific progress. “Methodological cosmopolitanism” (Beck 2003, 2009) 
questions the division between the “inside” and the “outside” of social phenomena in relation 
to their national borders. As for “interconnectedness”, according to Beck, it “somehow 
presupposes the territorial unit of states and state societies that are becoming more and more 
interconnected and networked” (Beck 2002,p. 80).  
Thus, this study uses cosmopolitanisation to explain the interconnection between 
Brazil, China and the global market, as well as how other countries impacted their national 
development. On the other hand, the comparative method enables us to structure clearly a 
national perspective in each country regarding the solar sector’s development paths and 
enables a deeper comparative analysis.  
Comparativists, in general, tend to suspend the normative evaluation of the world (how 
the policy should be), describing the political world and explaining why it is the way it is. 
Thus, in this work, rather than evaluating whether solar energy policy in Brazil and China is 
well developed or not, this study identifies the general conditions — social, economic, 
ideological, institutional and international — under which renewable energy policy appeared. 
While comparative studies usually emphasise the respective singularities of the examined 
states, the purpose of this study is to establish the links of “interconnectedness” between and 
within them.  
The comparative method will allow us to answer for the following questions: What are 
the drivers of solar energy sector in Brazil and China? What is the government’s attitude 
toward the solar energy deployment? Why has solar energy rapidly developed in China, while 
in Brazil it has not? How the international and in particular the Chinese solar energy policy 
impacts the solar energy sector in Brazil? 
The study applies the model proposed by Kopstein and Lichbach (2005) as a tool for 
comparative studies. The latter analyses three dimensions in the selected countries: Interests, 











Source: Elaborated by the author based on the model proposed by (Kopstein and 
Lichbach 2005) 
 Firstly, the global context that influences domestic interests, identities, and institutions 
is presented. It is one of the main areas of research as in the modern globalized world there is 
a growing need for empirical research to establish the status of what is in turn a growing range 
of possible parts of global (Sassen 2007). The twenty-first century is becoming an age of 
cosmopolitanism replacing nation—nation relations with national—global and global—global 
relations patterns and creating “methodological cosmopolitanism” (Beck & Cronin, 2006). 
While methodological nationalism sees states and their governments as the primary focus of 
social-scientific analysis, cosmopolitanism illuminates the transnationality that is arising 
inside of the Nation-states. As Saskia Sassen argues, much of what we continue to categorize 
as national could be instances of the global (Sassen, 2007). Thus, Sassen offers three main 
lines of study: localising the global dynamics; identifying the actors on a global scale; and 
denationalising what has been constructed historically as national.  
Using the ‘onion model’ the study starts with the outer layers — the international and 
the global, moving inwards to the national and the local which are core elements of our 
analyses. Thus, Brazilian and Chinese solar energy sectors in their “interconnectedness” with 
the global renewable energy market, therefore, are presented as a contribution to comparative 
studies, as well as an empirical case for the “sociology of globalisation”. Hence, this research 
focuses on the globally interconnected aspects of the rising Brazilian and Chinese solar energy 
sectors and the transboundary causalities that impelled the States to create incentive 
mechanisms for the development of the PV sector. 
After the analyses of the global context, the national interests are examined. Actors 
come to power to pursue different interests and a large part of the politics in any society 
revolves around the question of who gets what. One may want a higher economic standard of 






tells us much about a country’s politics. The pursuit of material interests affects the 
distribution of economic rewards in society and consequently represents one important way of 
approaching comparative politics (Kopstein and Lichbach 2005). 
In the case of emerging countries, the logic underlying the construction of an energy 
policy is completely different from that of western developed countries, directed towards 
emissions reduction. Developing countries are claiming the right to development and want to 
have the same economic growth as that which developed countries enjoyed in the past. For 
instance, the Brazilian government’s common response to criticism regarding the lack of 
support to renewables is the argument that the share of renewables in the Brazilian electricity 
matrix is already significant and it is difficult to justify the cost of solar energy development 
when this would increase the electricity rates first of all for the poor (Campos 2017; Livino 
2016). However, the civil society together with many experts urged the government to 
diversify the energy matrix and shift towards more renewables. On the other hand, in China 
pollution had reached a crucial level at which even politicians have started to worry about 
their own health and to boost the cleaner alternatives. Yet, the initial driver of solar energy 
deployment was mainly the opportunities for high technology exports, rather than internal 
clean energy production. 
Secondly, the Identity of nations can be determined by their dominant religion, 
ethnicity, values, and ideologies, amongst others. Identity represents the attitudes in society 
towards such issues as the role of government, the kinds of institutions that are desired, and 
the degree of commitment to democracy (Kopstein and Lichbach 2005). The mode of 
implementation and choice of programmes to develop renewable energy depends on social 
questions such as how society will react to these reforms, how it sees the PV technology and, 
most importantly, how government perceives social reactions.  
In China, the relationship between the State and the market is based on a deeply rooted 
historical background which explains State interventions into the renewables market. In 
Brazil, the role of the government is less crucial and private companies are promoting 
renewable energy development at the same level as the society, universities, research 
institutions and NGOs. However, despite the fact that PV technology represents a possibility 
of distributed generation, decreasing the consumer’s dependence on the government or 
utilities companies, civil society seems to be less present in the decision-making process. 
Thus, the questions are: What are the attitudes in a society towards the government’s role in 




Beyond complex notions of national identity, the solar energy concept has its own 
identity and actually, the perception of the technology often determines its further 
development paths. Based on a literature review and personal analysis, three dimensions were 
identified in the solar energy concept: environment, innovation and society (Figure 2). A 
better understanding of the identity of solar energy together with the ideas which are behind 
the concept could support the development of a deeper understanding of the roots of the solar 
energy sector and the breaking of barriers to policy formulation. Moreover, it is important to 
understand how the government perceives the social reaction in support of solar energy. The 
notion of identity is tightly linked with the definition or perception of the concept by people 
based on their culture, history, knowledge and etc. The identity of solar energy here means the 
perception of the concept by people based on their own identity. For example, in Chinese 
culture Innovation is viewed as rebellious, but if it is presented by an institution of authority it 
is much better perceived. Thus, the identity of solar energy is tightly connected to the identity 
of people, their culture, history and other factors.  
Figure 2. The pillars of the solar energy concept 
 
Source: elaborated by author 
Institutions mostly mean the authoritative rules and organisations that structure 
political life (Kopstein and Lichbach 2005). They empower some groups and constrain others, 
thereby transforming interests and identities into public policies. Moreover, institutions 
influence the interests and identity by restricting or promoting their expression, thus forming 
the policies associated with certain paths of development. How does the global context 
influence domestic institutions and how do these institutions, in turn, affect developmental 
paths by influencing identities and interests?  
Comparativists often start their analyses by examining the State — the organisation 
which maintains control over a particular territorial jurisdiction. An important factor affecting 
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how societal interests and identity influence public policy is whether the state is strong or 
weak. In other words, how much the State has autonomy, capacity, resources, etc. (Kopstein 
and Lichbach 2005). Weak states are generally characterised as states that lack infrastructural 
power. The latter is made up of three key components: the ability of a State to reach out to and 
directly interact with the population; extractive power which refers to the ability of a state to 
extract resources (both material and human, whether for taxation, war, welfare, development, 
or other purposes) from the society; power to negotiate, exercising power through society 
(Ostrowski, 2010).  
Unlike the classic uses of comparative methodology in which the Nation-state is 
treated as a closed unit, Kopstein’s methodology offers us a tool which encompasses both 
comparative and methodological cosmopolitanism (Kopstein and Lichbach 2005, p.17): 
“The first thing to understand about the world is that it is divided into nations 
and states and that nations and states are often in tension with one another.  
The second thing to understand about the world is that it is a whole and that 
the whole and the parts are also often in conflict with one another. Consider, 
first of all, the world as a whole. Regional and global forces respond to and 
shape a set of common and converging global interests, identities, and 
institutions. Markets, cultures, and institutions operate not only within 
countries but among them as well.”  
Using these two concepts, the study aims to balance the comparative methodology and 
cosmopolitanism in order to avoid treating the Nation-state as a closed unit, as well as any sort 
of rigid conception of the “global” and the “local” as dualistic analytical categories. Equally, 
as there is a high risk of considering Nation-states as isolated units according to classical 
comparative methodology, using only methodological cosmopolitanism we could wrongly 
consider the global as an exclusive determinant. 
China, the USA and Europe clearly have more power to influence the development of 
solar energy in Brazil, than Brazil has to influence them. Yet, Brazil can also influence the 
global or other countries’ national strategies by introducing, for instance, long term stable 
policy for the development of solar energy, which would redirect the attention of global 
companies toward the Brazilian market. Therefore, studies highlight the embeddedness of the 
characteristic rules of the globalised solar energy market into the national policies for the 






The main sets of sources which form the data corpus of this thesis constitute both of 
primary and secondary data. The secondary data was obtained in scientific articles, books and 
solar energy related websites. The existing literature raised a number of questions, though, 
that demanded the gathering of first-hand information. Therefore, our primary data consists of 
semi-structured interviews conducted with the main actors of the solar energy sectors in Brazil 
and China. It is important to mention the concern that many scholars have in relation to 
Chinese data, although Brazilian data could also contain errors, but is considered more 
reliable. The link between “good” data and the chance of managers to be promoted is well 
described by the Chinese saying shuzi chu guan, which can be roughly translated as “numbers 
make the official” which indicates lack of transparency regarding sensitive information 
(Brombal and Daniele 2017).  
In terms of primary data, I conducted 29 in-depth interviews overall between 2015 and 
2017, with PV industry experts, government officials, university professors, NGO 
representatives, think tanks and firm employees. The interviews in Brazil were conducted 
with 15 experts from the fields of business, government, research and NGOs. Also, I gathered 
additional data through participant observation at many photovoltaic conferences, discussions 
and round tables
4
, for instance at the largest global PV trade fair - the Intersolar held in Sao 
Paulo in 2016. Moreover, I had a chance to work at Voltaica — PV systems integration for six 
months, where I acquired more practical experience of the PV sector in Brazil.  
During my three month field trip in China, I was hosted at Tsinghua University under 
the orientation of Professor Liu Dehua — Director of China Latin America Joint Laboratory 
for Clean Energy and Climate Change, based in Beijing. Professor Liu put me in contact with 
Tsinghua solar — a solar company working with a wide range of solar products in Beijing and 
abroad. My field trip was funded partially through a Santander scholarship, while Tsinghua 
University kindly offered to cover my accommodation fees. In China, I acquired not only 
theoretical, but also practical experience in Chinese solar sector through work on solar 
projects in China with Tsinghua solar. During these three months, I conducted 14 interviews 
altogether, with representatives from the government, research institutions, solar associations, 
private and state-owned companies, international and national NGOs. Moreover, this data was 
enriched through the interviews conducted by Luis Souza on the Chinese solar energy sector, 
                                                 
4
 I participated in and organised the solar school at the University of Brasilia in 2015 and 2016. 
Moreover, I was invited to participate in the “Centro de Gestão e Estudos Estratégicos”, talking about the future 
of solar energy. Moreover, I presented a talk on the subject of solar energy as a vector of social development in 
the Brazilian Senate (Comissão Senado do Futuro). This list of events is not exhaustive. 
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which he kindly shared with me. Later, in 2017 I was invited to participate in the second 
annual symposium: “Xinnovation: Identity of Innovation in China", hosted at Peking 
University campus in March 23-26. Participation in the forum brought me a deeper 
understanding of ongoing transformations in Chinese identity.  
The major limitation of this study was uneven access to data for both countries. Taking 
into the account the fact that I lived in Brazil throughout most of my PhD and that I speak 
Portuguese, the collection of data on Brazil was more complete. The limited time spent in 
China, as well as the language were barriers to the collection of information on equal terms 
with Brazil. Yet, the fact that I was enrolled at Tsinghua University (one of the leading 
Chinese university) favoured data access. Notwithstanding the relatively limited access to data 
on China, this work offers valuable insights into the development of solar energy in both 
countries, placing Brazilian solar energy development in a larger context.  
Thesis structure 
The thesis is structured in five chapters. The First Chapter briefly discusses global 
trends in the energy sector. Firstly, it focuses on the re-emergence of renewable energy in 
global policy, focusing on Photovoltaic technology. Concerns around energy security and 
climate change also enabled incentive policies for renewables in Western developed countries, 
while the “competitive advantages” of the Chinese industry allowed its solar panels to create a 
certain market hegemony due to their comparatively lower prices. Yet, the solar energy 
market consists not only of developed countries and China, there is a growing trend in green 
technology trade within Southern countries, which demonstrates their interest and power to 
also boost the renewable energy sector. 
Nevertheless, without the historic overview of energy sector formation, it is hard to 
analyse the current trends in the solar energy sector in Brazil and China. The Second Chapter 
will present the history of energy sector in both countries and its historical connection to the 
globalised world, followed by an analysis of the creation of the energy sector, the 
development path of renewable energy and the emergence of solar energy. The chapter ends 
with a brief analysis of the emergence of cooperation between the countries in the energy 
sector.  
Third Chapter, attention will be given to the current situation of the Brazilian PV 
sector, including the determination of main drivers and non-technical barriers. The Fourth 
Chapter focuses on the Chinese PV sector. These chapters offer us an overview of the current 
development of the solar energy sectors in Brazil and China looking at policy, economy, 
market and society.  
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Finally, based on historical and current data analysis, as well as the global overview of 
the solar energy market, the Fifth Chapter presents the main conclusions on the role of 
Institutions, Identity and Interests in solar energy development processes in Brazil and China. 
The comparative analysis is presented based on drivers of and barriers to solar energy 
development in Brazil and China, as well as more practical implications of the work for 




Chapter 1: Global context of the energy sector 
Energy resources were always one of the main topics of international and national 
agendas in many countries. This is a crucial factor that shapes the foreign policy of all 
countries, as an important power asset and development tool which generates economic 
growth but can also harm the environment. Climate change became one of the main drivers of 
renewable energy development and the worsening of environmental conditions became a real 
argument for energy source diversification. As defined by the National Renewable Energy 
Laboratory (NREL), Renewable Energy Sources (RES) — energy sources that are continually 
replenished by nature— include the sun, wind, water, the earth’s heat, and plants (NREL 
2001). 
According to the 2016 World Energy outlook, the Paris agreement has opened a new 
era for renewable energy development to limit warming to less than 2 °C (OECD/IEA 2016). 
REN21
5
(2017) reports that after three years, emissions have been reduced due to declining 
use of coal, improvements in energy efficiency and growth of the use of RES. As of 2015, 
renewable energy provided an estimated 19.3% of global final energy consumption and the 
growth continues in 2016 (REN 21 2017). Many international agencies predicted growth in 
the use of RES in the future. For instance, the 2016 World Energy Outlook forecasted that by 
2040 the main sources of energy would become natural gas and, most of all, wind and solar — 
replacing the champion of the previous 25 years, coal (OECD/IEA 2016). 
The reorientation of energy systems is also seen through the composition of energy 
investments. For the sixth consecutive year, renewables have outpaced fossil fuels for net 
investment in power capacity additions. Investments in the renewable energy sector continue 
to grow, while the conventional resources experience a slowdown. Global energy investments 
in 2015 amounted to USD 1.8 trillion, of which the renewables, primarily wind, solar PV and 
hydropower received USD 290 billion (IEA 2016b). Advances in technology and efficiency 
rapidly reduce the amount of investments, and today it is possible to install the same amount 
of energy capacity with less capital in comparison with previous years.  
During the past years developing countries have increased energy consumption overall 
and, consequently, they are searching for energy security in order to sustain their constant 
economic growth (REN 21 2017). Furthermore, leaders could observe with Chinese example 
the consequences of the western style of economic development by using carbon and thus 
                                                 
5
 Renewable Energy Policy Network for the 21st Century - is the global renewable energy policy multi-
stakeholder network that connects a wide range of key actors. 
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increasing CO2 emissions. The Chinese air pollution example served as a reminder for other 
emerging countries that pollution is not only about climate change and its consequences on 
the future, but it is a danger for current populations' health. Thus, the problem is not the lack 
of fossil fuels but the excess of them, leading to an increase in CO2 emissions.  
Probably more than any other country today, China feels an imperative to develop 
renewable energy — to boost jobs and high-tech exports, to consume cash and counter 
inflationary pressure, to decrease rising fossil-fuel demand, and to help clean up its polluted 
air (Ball 2012). After the implementation of the Renewable Energy Act in 2005, the share of 
non-fossil fuel increased rapidly (Zhao, Guo and Fu 2014), achieving 12% of total primary 
energy in 2016 (Tianjie 2017). 
Asia plays an important part in the global PV market and nowadays has started to lead 
the sector, as shown in the figure 3. The main player in Asia is China with added installed 
capacity of 35 GW in 2016 resulting in 78 GW of total installed capacity. Only Chinese 
installed PV capacity accounted for a quarter of the global installed capacity of 308 GW, as 
shown in figure 3. When talking about Asia, Japan also plays an important role in the PV 
sector, reaching 8 GW in 2016. In the US and the Americas, the market has doubled from 7.3 
(2015) to 14.7 GW (2016). The European continent overall has demonstrated constant growth 
throughout recent years, yet many countries such as France, the UK and Italy have seen a 
decrease in their installed capacity (IEA-PVPS 2017). The Middle East is actively increasing 
the development of solar energy, led by Israel with around 1 GW of total installed capacity.  
Figure 3. Global Cumulative Installed PV Capacity. 
 
Source: (Fraunhofer ISE 2017)  
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It is interesting to observe how the renewable energy sector is dynamic in the last 10 
years the situation has drastically changed. As demonstrated in the Figure 4, total investments 
in RES increased from USD 46 billion in 2004, dominated mainly by developed countries, to 
US $286 billion in 2015, led by developing countries. Year 2015 was the first year when 
developing economies jumped ahead of developed countries in terms of total new renewable 
energy investment (FS-UNEP 2016). This indicates the importance of renewable energy for 
emerging economies and the solid engagement to RES expansion, especially within 
developing economies.  
Although the main driving force for renewable energy investments is China, emerging 
countries such as India, Brazil and South Africa are all present in the top 10 economies 
investing in RES (FS-UNEP 2016). Emerging economies are becoming more important in the 
renewable energy race and are taking a bigger share every year. India, for instance, has an 
ambitious plan - National Solar Mission- to achieve 100 GW total installed solar capacity by 
2022 (Gupta 2017). 
Figure 4. Global new investment in renewable energy: developed vs developing 
countries, 2004-2015, $BN 
 
Source: (FS-UNEP 2016) 
Within developing economies, both Brazil and China are placed on the top of the 
climate scope chart, which takes stock of clean energy activities across the world's developing 
nations (Bloomberg New Energy Finance 2016). Both countries remain the world's largest 
markets for clean energy development, according to the country-by-country quantitative 
assessment of clean energy market conditions and opportunities comparing with other 69 
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developing nations. This demonstrates an important role both countries are playing for the 
global renewable energy market. However, while China became a leader in PV sector, Brazil 
is lagging far behind it.  
Currently Brazil faces many problems in the energy sector and needs to diversify its 
hydropower based energy matrix. The country showed itself as a front runner in biofuel 
development becoming the world's first largest exporter in the 2000s throughout 2010, when it 
has lost to the US (Biofuels International 2017). In the wind sector, Brazil succeeded to attract 
many wind equipment manufacturers using the local content rule, creating more favourable 
terms for low cost financing. Yet, it has just started to introduce the incentives in the solar 
energy sector and therefore still has great potential to explore. 
1.1: Renewable energy development path 
Renewable energy sources have been well known for a long time, populations have 
always used the force of wind and waterways as well as the heat of the sun. However, for a 
long period of our history people gave the priority to fossil fuels over renewable energy 
sources. In order to understand current development of renewable energy, it is important to 
discover the main drivers for its deployment all over the world. 
Prior to the XVIII—XIX centuries when the world’s population discovered the way to 
produce energy out of coal, people had been using mainly renewable energy as biofuel: wind, 
hydro and solar. The turning point to the era of fossil fuel consumption was the invention of 
the steam engine, enabling the conversion of chemical energy (heat) into mechanical energy. 
At the end of the 19
th
 century, it became clear that the economic growth which resulted from 
the increase in energy consumption could not be sustained only by coal and that its reserves 
were limited (Fouquet and Pearson 2012). Thus, the oil transition came, together with the 
invention of the internal combustion engine and the refining process. Yet, the era of oil didn’t 
last for long and with the major oil crises of the 1970s, the danger of relying only on one fuel 
source became evident. Consequently, the diversification of energy sources initiated with the 
increasing use of natural gas and renewables.  
Today, renewable energy technologies are viewed not only as tools for improving 
energy security, mitigating and adapting to climate change, but are also increasingly 
recognised as investments that can provide direct, as well as indirect economic and security 
advantages by reducing dependence on imported fuels. For instance, renewables are 
responsible for 8.1 million jobs, mostly in PV and biofuels with an additional 1.3 million 
direct jobs in large hydropower stations. The leading employers in the renewable energy 
sector are Brazil, China, the USA and India (IRENA 2016). 
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Many experts, such as the OECD, Goldman Sacks, IEA and others, now agree that the 
world is headed towards low-carbon economy transition (Fouquet and Pearson 2012; OECD 
2015). As shown in figure 5, each energy transition has led to energy consumption growth. 
The new transition will probably result in an even larger growth of energy consumption and 
the share of fossil fuels might not decrease, continuing to provoke consequences in terms of 
climate change. Vieira (2017) calls this phenomenon — the paradoxical internalization of 
environmental policy, taking the examples of Brazil and China. That means that despite the 
fact that environmental variables became an important part of political discourse, it is not 
always translated into the political adjustments needed to prevent global temperatures rising 
by more than the 2C. 
Figure 5. Global energy consumption and transition, 1800-2010 
 
Source: (Fouquet and Pearson 2012) 
As shown in figure 5, the interest in RES re-emerged after the oil crises of 1973 which 
took place due to the oil embargo proclaimed by the members of the Organisation of Arab 
Petroleum Exporting Countries (Bohnsack R. et al. 2014). Oil prices increased drastically and 
impacted all oil importing countries. Thus, governments were eager to find and increase the 
investments in R&D activities of other energy sources that they could use within the borders 
of their country. Many European countries, being energy dependent, were actively researching 
the possibilities to make renewable energy more affordable and usable for large-scale projects. 
The pioneering countries — such as Japan, Germany, the United States and later China 
— created critical incentives for renewables, which drove early technological advances and 
economies of scale, setting the stage and helping to fuel the past decade of explosive market 
expansion (Bohnsack R. et al. 2014; REN 21 2015). Governments believed that renewable 
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energy sources were the opportunity to decrease energy dependence on other countries, to 
boost innovation and to provide sustainable energy. Moreover, companies were also important 
players in RES deployment, as they were investing in R&D through government incentives, 
improving the efficiency of technology and commercialising it.  
Nevertheless, it would be wrong to argue that renewable energy emerged only due to 
the oil crises and the urge to diversify an energy mix. Another important driver of the 
expansion of renewables was the environmental aspect. Globally, coal-fired power plants 
caused one third of global emissions, coming mainly from the United States, China, the 
European Union and India (Olivier J. et al. 2016). The shift from coal to cleaner energy 
sources, such as renewable sources, is essential to reduce CO2 emissions, which became a 
visible problem in many developing countries.  
Already in 1960 in the Club of Rome the importance of renewables was discussed at 
the international level. Later, in 1972, this issue was raised at the Stockholm Conference on 
Human Environment, paving the way for further actions. Yet, during the 1960s and the 
beginning of the 1970s, the use of fossil fuels was not yet a global concern and it took nearly 
20 years for the RES to re-emerge. After the oil price shocks of the 1970s, many experts 
started to issue reports
6
 highlighting the dependence of world industry on oil, urging a search 
for alternative sources. Later, in 1988, the Intergovernmental Panel on Climate Change 
(IPCC) was founded to understand the global climate system and its governance to propose 
concrete actions to face the possible future climate scenarios (Ferreira and Barbi 2016). They 
issued many reports with renewable energy taking an important role in their analyses and in 
2012 the entire report was dedicated to renewable energy issues, highlighting the importance 
of clean energy in climate change mitigation (Edenhofer, Madruga, and Sokona 2012).  
Table 2 gives a brief overview of the main climate change talks which impacted 
renewable energy development, in particular solar energy. There have been many different 
international summits over the last 40 years, but the table presents the main conferences which 
were pivots for RES growth. 
                                                 
6
 For example, report of the Independent Commission on International Development, chaired by Willy 
Brandt (http://www.sharing.org/information-centre/reports/brandt-report-summary).  
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Table 2: Overview of the main climate change conferences which impacted the 
development of RES. 
Name of conference Year RES related results 
UN Conference on New 
Sources of Energy 
1961 
Exchange of opinions and recommendations regarding the use of RES, 
especially in developing countries. 




Proper collection, measurement, analysis and sharing of data on 
environmental effects of energy use and production. 
UN Conference on New and 
Renewable Sources of 
Energy, Nairobi, Kenia 
1981 
Nairobi Plan of Action - Countries were asked to write a national report on 
new and renewable sources of energy. All members agreed on the need for 
RES development, yet without any specific tools. 
UN Conference on 
Environment and 
Development, Rio, Brazil 
1992 
The report requires 39 developed countries to reduce their greenhouse gas 
(GHG) emissions by an average of 5.2% relative to 1990 levels. To 
achieve this, countries agreed on the creation of different mechanisms, 
among which the Clean Development Mechanism (CDM)*. RES 
development was seen only as one element in environmental protection.  
COP 3, Kyoto, Japan 1997 
Signing of the legally binding Kyoto Protocol with emissions targets for 
each country which ratified it.  
World Summit on 
Sustainable Development, 
Johannesburg, South Africa 
2002 
Countries failed to agree on renewable energy targets; yet the European 
Union launched a "Coalition of the willing" on RES. This included 
countries and regions willing to set themselves targets and timeframes for 
the increase of renewables in the energy mix. Another outcome was the 
creation of the Renewable Energy and Energy Efficiency Partnership 
(REEEP) which aimed to finance RES projects in developing countries.  
International conference 
“Renewables 2004”, Bonn, 
Germany 
2004 
Participants from 154 countries as well as the representatives from the non-
governmental sector discussed how to increase the share of renewables, 
including financing, capacity building and etc. An important outcome was 
the creation of REN21 - multi-stakeholder network, which aimed to 




The summit was widely considered a failure, as no legally biding 
agreement was established and countries couldn’t agree on emission or 
RES targets. Yet, in 2009, the EU adopted the renewable energy directive 
setting the targets for RES that eventually increased the demand and 
decreased the prices. Moreover, Germany started its leading role in RES 
development and founded IRENA – an international organisation fully 
dedicated to RES promotion. 75 countries joined the initiative. 




2012 became the “International Year of Sustainable Energy for All", and 
the Secretary-General of the UN announced his initiative on Sustainable 
energy for all (SE4All). 
Paris Agreement 2015 
Countries agreed to limit global warming to 1.5°C; 90 parties proclaimed 
renewable energy a priority in their Nationally Determined Contributions 
(NDCs), and over 70 mentioned specific domestic targets for renewable 
energy deployment. 




* CDM is a tool which enables developed countries to finance clean energy projects in 
developing countries, thereby compensating their emissions. It is a very important mechanism 
which has financed RES projects in developing countries, mostly used in China. 
As shown in Table 2, renewable energy sources were originally a part of climate 
change negotiations, but were not a separate policy area as technology was quite expensive at 
the time and the efficiency was low. After the introduction of the legally binding Kyoto 
protocol with emission targets for each country, renewable energy became more present in the 
discussions as an essential tool to reduce emissions.  
However, in the case of Brazil, for instance, prior to 2008-2009 cost was the main 
factor for energy source choice in energy planning (Livino 2016). Despite the Kyoto protocol 
and the fact that the whole international community was trying to reduce coal consumption, 
governments contracted many coal plants in order to provide secure and cheap energy 
sources, as they had capacity problems with large hydro plants. Indeed, at the time of the 
Kyoto Protocol signature, developing countries were not yet engaged into emission reduction 
using the argument of equal right for development, which developed countries benefited from 
previously. Thus, they didn’t have a sufficient driver to boost national RES consumption.  
At the conference of parties (COP) 15 in 2009,
 
Brazil committed voluntarily to cutting 
emissions of greenhouse gases from 38.9% to 36.1% by 2020 (Portal Brasil 2011). This 
commitment was incorporated into national law, which pushed the Energy Research 
Enterprise (EPE) to stop contracting new coal power plants. Consequently, EPE included the 
environmental factor into the forthcoming energy planning and in 2009 the Proinfa program 
was initiated, encouraging the development of renewable energy sources (Livino 2016).  
The Brazilian example serves to explain the impact of climate change negotiations on 
RES policy construction in developing countries. While the Kyoto Protocol boosted RES 
advance in developed countries, it didn’t have an important impact on policy in developing 
countries. Only after the developed countries voluntary engaged in emission reduction and 
translated this into national laws, did the RES technology start to grow (Figure 4). Thus, 
climate change negotiations are an important driver for renewable energy development in 
developed and in developing countries.  
Moreover, in the 2000s there was an emergence of international organisations 
dedicated specifically to renewable energy. For instance, the International Renewable Energy 
Agency (IRENA) was founded by the German government and open to all member States, 
becoming the largest intergovernmental organisation dedicated to the question of renewable 
energy. It supports countries in their transition to a sustainable energetic future, and serves as 
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the principal platform for international co-operation (IRENA 2017). Interestingly, China has 
recently joined IRENA, while Brazil is still refraining from becoming a member. This is 
mainly explained by concerns over sovereignty. Countries were afraid that IRENA would 
engage in standardisation and impose restrictions on the energy policies of its member States 
(Röhrkasten 2014). 
The diversification of the energy matrix, reducing dependence on oil imports, together 
with climate change negotiations were important drivers for RES deployment. Additionally, 
civil society urged the government to invest in renewable energy, as was the case in Germany 
and several states of the USA. This social pressure in some countries was also one of the 
important factors that translated into the public policies.  
In the case of Germany, for instance, renewable energy became a political priority of 
the Schröder government (1998–2005), which constituted of a coalition of the Social 
Democratic Party and the Green Party (Röhrkasten 2014). This is an indication of the strong 
role played by identity in including the development of renewable energy on the political 
agenda. However, the Government’s decision to abandon nuclear power resulted not only in 
the growth of renewable energy sector, but as well the increase use of fossil fuel sources, as 
coal and gas. Together with Germany, many other developed countries engaged in 
diversification of national electricity mix and started active promotion of RES, that pushed up 
the additional demand for solar energy and the prices of PV panels decreased substantially in 
the course of a few years.  
Furthermore, it is important to highlight the role of private companies in technology 
advancement. In the case of the solar industry, the German company STAR (Solar 
Technology Associated Research) and the Japanese company Kyocera were responsible for a 
breakthrough at the initial stage of technology development in the period of 1982–1989. 
STAR developed a process enabling solar PV cells to generate electricity directly from the 
sun’s rays at 70 cents a Watt. Kyocera developed a printing method for the development of 
amorphous thin-film cells, as it enabled a more cost-efficient production of solar cells. These 
successes encouraged other companies, such as BP and French Photowatt to invest in solar 
energy research. Thus, Bohnsack et al. argue that the industry’s institutional evolution was 
driven by an interplay of different public and private actors who influenced one another over 
time and across national borders (Bohnsack R. et al. 2014). 
Despite a belated exploration of solar energy, the technology itself has been available 
for a long time. The first silicon solar cell capable of generating measurable electric current 
was developed by Bell Laboratories (now AT&T labs) in 1953 (Fraas 2014). After the US 
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space programme started using solar cells widely and the price consequently decreased, they 
came onto the commercial market (Fraas 2014). However, the concept of solar energy is quite 
new and often wrongly interpreted by the general population, who associates it to solar water 
heating systems or other technologies (Instituto ideal 2016). Thus, in the next section we 
briefly present the solar energy technologies, in particular the Photovoltaic technology.  
1.2: Solar energy overview 
Almost all sources of energy—hydro, wind, biomass and ocean energy— come 
indirectly from solar energy. Solar energy is the most abundant energy resource on earth and 
has the highest theoretical potency to supply the whole world with its energy demand.  
Solar irradiation is composed of two main elements which can be used for energy 
generation: heat and light (Figure 6). The technology behind thermal use of solar energy is 
quite simple: in short, specific materials absorb the heat from the sun and create high 
temperatures, sometimes using fluids such as water or air. There are numerous possible 
applications of using solar thermal energy for residential and commercial purposes. For 
residential use the solar thermal system can heat water, provide space heating and even 
replace the coal that was used to prepare barbecues or cook food. In the commercial sector, 
the system can provide heat for industrial use (ex. to dry fruit), water and space heating and 
even generate electricity.  
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Figure 6. Different types of solar irradiation and its applications 
 
 
Source: elaborated by the author 
One of the most promising technologies using thermal solar potential is the 
Concentrated Solar Power (CSP) plant, which generates solar thermal electricity (STE). Using 
mirrors to concentrate the sun’s rays in one spot, the system produces enough vapour for 
electricity generation via a conventional thermodynamic cycle (IEA 2014b). The key 
distinction of CSP compared to other renewables is that the heat storage system enables 
generation of electricity even with cloudy skies or after the sunset. It is a revolutionary 
technology, which actually doesn’t have the main problem all other renewables are suffering 
from — intermittency. It can store the heat in the tanks and use the thermal energy even 
during night time. However, as with any emerging technology, the cost of a CSP plant is high 
and, for the moment, it isn’t competitive with other renewable energy sources. 
While in China this technology is starting to be more present and according to the 13
th
 
Five Year Plan (FYP), it should reach 5 GW by 2020 (NDRC 2016), Brazil does not have any 
CSP plants. Due to this uneven technological development, CSP did not enter the scope of the 
present research.  
Using heat Using light 
Solar water heater, 
Solar cooker and etc. 
Concentrated Solar Power Photovoltaic technology 
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Figure 7. Concentrated Solar Power plant in Beijing, 1 MW, (owner IEE) 
 
Source: photo taken by author 
As for electrical potential, sunlight can be directly converted to electricity using the 
Photovoltaic effect: the conversion of photons (particles of sunlight) to electric energy 
through the use of semiconductor materials. The most common way to produce the solar cells 
is to use silicon as a semiconductor material which is abundant on our planet. After the 
electricity (direct current (DC)) is produced by the solar cells it goes to the inverter which 
adapts the electricity flow and converts it to alternating current (AC) and then can be directly 
used by households or injected into a transmission grid (Shayani, R. A.; Oliveira 2017).  
Nowadays the most used technologies are Solar Water Heating (SWH) — to generate 
heat and the Photovoltaic (PV) system to generate electricity. SWH is a well-developed and 
widely available technology, while PV is just starting its development path and is more 
expensive. This study is focused on Photovoltaic technology, as it is an emerging technology 
in both Brazil and China, which both countries view as an important tool for further electricity 
diversification.  
Looking at solar energy in a global perspective and comparing it with other 
renewables, wind energy surpassed solar with 433 GW of the total global installed capacity 
against 227 GW for PV and 4.8 GW for CSP (REN21 2016). Wind energy is a cheaper and 
more widely deployed technology compared to other renewables (except large hydro). Yet, in 
the past decade a rapid growth of solar energy technology is observed globally, and in China 
particularly. According to the Renewable Energy Network (REN), for many years the growth 
rate of Solar Photovoltaic (PV) and Concentrated Solar Power (CSP) were ahead of wind 





Figure 8. Growth rate by renewable energy technology during 2004-2013 
 
Source: (REN 21 2015) 
In line with the graph below (Figure 9), it is possible to observe that total PV 
installations in China are growing more rapidly than any other technology. Reasons for this 
are: the pollution threat, needs for national energy resources, lack of energy in remote areas, 
along with many others. Additionally, national high-tech green industry showed better 
capabilities to compete with other companies and nowadays 65% of all PV panels are made in 
China (Haugwitz 2015). 
Figure 9 Year of year growth and installed capacity of Chinese power sector in 2014 
 
Source: (Haugwitz 2015) 
Solar energy brings many different environmental, social and economic advantages, 
among which the creation of new direct and indirect jobs. While the wind energy sector 
employs around 1.1 million persons, the solar photovoltaic sector accounts for 2.8 million 
jobs (2016), largely concentrated in China. The Chinese renewable energy sector employed 
around 3.5 million people, exceeding the 2.6 million employed in the country’s oil and gas 
sector. The PV value chain employed 1.7 million people, demonstrating an outstanding 
example of what solar energy can bring into the economy (IRENA 2016). As for Brazil, most 
of the employment is found in bioenergy and large hydropower plants, yet the nascent PV 
sector has already created around 4,000 jobs. As demonstrated with the Chinese example, 
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solar energy is an attractive sector for job creation and many experts forecast the increase of 
employment in PV in the coming years. 
Figure 10. Renewable energy employment by technology 
 
Source: (IRENA 2016) 
Thus, PV technology actually brings benefits not only in terms of energy production, 
but also of employment opportunities, local economic innovation and subsequently, emission 
reduction from the power sector. These are well known aspects which are well covered by the 
literature. However, another important aspect of this technology is the unique possibility of 
distributed generation with zero marginal costs. PV systems can bring light to off-grid areas, 
empower populations and be used in the framework of social policy, which will be presented 
for the Brazilian and Chinese cases. Prior to this, a more detailed overview of the technology 
will be presented, also demonstrating the disadvantages to be aware of. 
1.2.1: Photovoltaic Technology 
Photovoltaic (PV) technology is used to convert solar radiation to electrical energy 
using semiconductors. The key components of a PV power system are various types of solar 
cells which are interconnected and encapsulated to form a photovoltaic module, mounting 
structure, inverter, storage battery (optional) and charge controller (IEA-PVPS 2017).  
There is a vast number of applications for photovoltaic (PV) technology, covering all 
kinds of autonomous as well as grid connected systems. Large Scale (LS) solar systems are 
centralised solar power plants, usually located in remote locations. They are large solar power 
generation farms, producing substantial amounts of electricity that are fed into the grid. On 
the other hand, Decentralised Generation (DG) is a solar energy solution in which energy is 
produced on-site or near-site and can be consumed instantly or is injected into the grid. 
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Usually it is a small scale plant up to a certain limit of MW (in Brazil DG is used for systems 
up to 5 MW). When PV systems are connected to the grid they eliminate the need for very 
expensive and environmentally unfriendly storage use, thus the grid can be used as storage 
providing the energy when there is no sun (Campesato R. et al. 2017). 
Figure 11 shows how DG uses the PV system, which generates the power and sends 
the surplus of electricity to the grid, while using public electricity when there is no sun or 
during cloudy weather. Solar energy is transformed into electrical energy using PV panels, 
then the power is sent to an inverter which converts electricity from direct current (DC) as 
produced by the PV panels, to alternating current (AC) that is then supplied to the electricity 
network. Thus, due to this technology a new concept of prosumer has emerged, referring to 
consumers who are also producers of power. 
Figure 11. The grid connected PV system. 
 
Source: (EMA 2016) 
Nowadays, almost 90% of the world’s photovoltaics is based on some variation of 
silicon. Monocrystalline silicon is made out of the highest grade of silicon with efficiency 
rates of 15-20%. Polycrystalline silicon is created though a simpler process and costs less, 
with an efficiency achieved of around 13-16%. Thin-Film solar cells are cheaper, flexible but 
less efficient (9%). Currently, polycrystalline remains the most used solar panel due to its 
cost-efficiency ratio (Campesato R. et al. 2017).  
There are many other new emerging cell types offering distinct advantages over 
traditional silicon photovoltaic, yet they are not as widely spread as polycrystalline solar cells 
and some of them are still under research. While the efficiency for polycristalline solar cells 
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achieves 13-16%, a new multi-junction solar cell which converts 46% of solar light into 
electrical energy was developed by Soitec and CEA-Leti, France, together with the 
Fraunhofer Institute for Solar Energy Systems ISE, Germany (Fraunhofer ISE 2014). Despite 
the fact that during many years the costs of PV panels were decreasing, it is expected that the 
trend towards more efficient solar cells should prevail with further price drops.  
 
Disadvantages of PV 
Given all the positive aspects of PV, it naturally has disadvantages, as any technology 
does. First of all, PV panels itself don't produce any emissions during its operation, but the 
value chain of the whole system contributes to the growth of emissions. Thus, it is incorrect to 
argue that PV systems have no environmental impact. As the majority of solar cells are 
produced in China where the main electricity source is still coal, during the production itself 
factories usually use power from the grid, contributing to the growth of energy demand. Solar 
cell production is a highly energy consuming process, thus this phase produces emissions. In 
addition to the assembly, production of other system’s parts together with logistics should be 
added to get the overall emissions amount. The system has an environmental impact during 
installation, operation and decommissioning as well. There exists extensive literature on Life 
Cycle Analysis of the PV system, which calculates the effect through the whole life cycle 
(Fthenakis and Kim 2011).  
Secondly, the PV system has the advantage of providing energy to remote areas, yet in 
order to have constant energy supply, the system usually uses batteries. Nowadays, many 
laboratories are working to improve the batteries, as it is an important condition for larger 
RES integration in our life. Currently, they are expensive; have a lifespan of 3-6 years; and in 
many remote areas batteries are discarded into rivers and have contaminated the water. 
Additionally, toxic chemicals are a problem at the beginning of a solar panel's life — during 
its construction — and at the end of its life when it is incorrectly disposed of. Interesting work 
done by Mulvaney (2014) discussed the question of green jobs, as workers are exposed to 
chemical fluids during the manufacturing process, questioning the whole concept of green 
jobs (Mulvaney 2014). Yet, this concerns mainly cadmium-based thin-film PV, which is a 
small part of the market. However, even during the production of silicon based PV panels, 
workers might be exposed to chemicals, thus the advance in the production techniques is 
crucial.  
Thirdly, for large scale PV plants the main challenges are land occupation and water 
use. However, solar plants are usually constructed in desert areas or occupy areas that haven’t 
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been used before. As for water use, usually rain cleans the panels and no additional water is 
needed, as even with dirty panels energy is still produced and the cost of cleaning rarely 
justifies the cost of decreased efficiency because of dirt. However, for the production of 
panels a considerable amount of water is needed.  
Fourthly, despite the fact that the PV system has almost inexistent marginal costs due 
to the absence of constant fuel costs, capital investments are usually significant for distributed 
generation. For example, in Brazil the average cost of a turnkey PV system for a household is 
around BRL 25,000 (around USD 7,500 in 2016) for 5kwp installed capacity. If there is not 
any affordable credit line, these costs are very high for the majority of households. Moreover, 
solar energy incentives might result in the increase of electricity tariffs, as has happened in 
Germany (Zoellner, Schweizer-Ries, and Wemheuer 2008). 
As for large scale solar plants, solar energy has already became a competitive option in 
many countries, such as Chile, the United Arab Emirates and others. In 2016, these countries 
closed deals to generate electricity from sunshine for less than 3 cents a kilowatt-hour, half the 
average global cost of coal power. Thus, the argument that solar energy is an expensive option 
for large scale is no longer valid anymore in many countries. The cost per kWh continues to 
decrease, yet government support is still needed as fossil fuels have been subsidised for many 
years as well. 
Regarding public acceptance of large PV plants, this risk had been studied mainly in 
developed countries, while in developing countries the number of studies is limited. In the 
cases of China and Brazil, usually local population doesn’t restrain any PV plant construction. 
However, just by including the community in discussions around future plants it is possible to 
prevent future social risks (Frate and Brannstrom 2017; Zoellner et al. 2008). 
There are some technical impacts, such as the intermittency of electricity generation. 
However, most technical problems are solvable through technological progress. For example, 
smart grid establishment or co-generation with other sources could solve the problem of the 
intermittency of solar energy. Table 3 summarises the main disadvantages of PV systems by 
category. It is important to know about these risks and to take them into account for further 








Table 3. The disadvantages of PV systems by category  
Type of Impact Values Source and comments 
Environment 
90 g CO2e/kW h The value is estimated according to the full 
operational life cycle including CO2e 
emissions from manufacturing of the plant to 
full operation of the technology (Evans, 
Strezov, and Evans 2009) 
Discard of batteries 
and PV panels  
The toxic chemicals are a problem at the 
beginning of a solar panel's life - during its 
construction - and at the end of its life when 
it is incorrectly disposed. 
Water 
consumption 
10 kg per kW h Water is mainly consumed in the production 
of photovoltaic modules, however little is 
used during operation and maintenance. 
(Evans et al. 2009) 
Land occupation 
28–64 km2/TWh  Land occupation for PV power plants with no 




1. High capital costs 
2. Rise of electricity tariffs 
3. Workers exposed to toxic materials.  
(Evans et al. 2009; Fthenakis and Kim 2011; Mulvaney 2014)  
Source: elaborated by author based on the sources cited in the table. 
1.3: Key players in the global solar energy market 
1.3.1: North Atlantic - East Asia axis 
At the beginning of the development of solar energy, Japanese and German companies 
played an important role in technological advancement, as was mentioned above. This 
provided an incentive for other companies to invest in solar energy research and opened an 
additional energy possibility (Bohnsack R. et al. 2014). At the beginning of the 1990s 
Germany, Japan, the USA, France and the UK actively subsidised research on solar energy. 
The success of incentives policies stimulated other European countries to implement similar 
measures. For instance, Germany introduced the Renewable Energy Law (2000) which offered 
large subsidies and government loans to RE producers, besides instituting the obligation for 
electric utilities to purchase only electricity generated through alternative sources (Souza and 
Cavalcante 2016). Germany was incentivising not only the renewable energy electricity 
production, but also the creation of the PV industry. By 2010, more than 100 German firms 
were supplying production equipment for the global solar industry. Advanced manufacturing 
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equipment now permitted solar manufacturers to more reliably translate their R&D efforts 
into mass production and to reach scale economies (Nahm 2014). Consequently, German solar 
power generation increased from 64 kWh in 2000 to 28,060 GWh in 2012 (Jia, Sun, and Koh 
2016).  
In the USA, federal government also implemented tax credits, loan guarantees, and 
direct subsidies designed to support the renewables. Moreover, it introduced an initial 
commitment of 2.3 billion dollars in tax credits targeted at the solar sector (Hughes and 
Meckling 2015). Consequently, photovoltaic cumulative capacity had reached 7.2 GW by 
2012 (Kumar Sahu 2015).  
The accession of China to the World Trade Organisation in 2001 also contributed to an 
increase in Foreign Direct Investments (FDI) in the energy field and eased the transfer of 
some key renewable energy technologies. As a result of fast growing demand in the western 
solar energy market, Chinese manufacturers managed to increase the volume of production 
and to decrease costs, reaching in 2008 the worldwide peak in solar panel exports of 26,000 
MW panels shipped. The main markets were Europe and North America (Zhang and He 
2013). Therefore, the “visible hand” of some developed Nation-states created the economic 
environment for the large scale deployment of solar energy (Souza and Cavalcante 2016). As 
shown in Figure 12, the price of PV panels decreased substantially in the course of a few 
years, while the total cumulative installed capacity grew.  
Figure 12. Cumulative global PV deployment and PV module prices, 2000 to 2014 
 
Source: (IRENA 2015) 
Due to the massive Chinese intervention in the global market, reduction of domestic 
subsidies in developed countries and the outcomes of the 2008 financial crisis, many solar 
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companies suffered to stay afloat. In order to escape bankruptcy, western companies either 
merged with Chinese counterparts or moved their production to Asian countries in order to 
maintain a competitive advantage. The crisis in the solar industry resulted, for instance, in the 
loss of about one quarter of the 88,000 existing jobs in the German PV industry in 2012 (IEA 
2014a). 
Usually, government has its own interests in the renewable energy sector, it invests 
funds and expects not only to contribute to further reducing emissions, but also to generate 
economic growth with new employment opportunities. Thus, when Chinese companies started 
actively entering the market with lower prices, many western companies were not able to 
compete and had to close factories or seek protection from the government. Due to pressure 
from the PV sector, European and American governments initiated trade cases at multilateral 
forums on anti-dumping and other protectionist measures in order to protect their green 
industries from unfair global trade. Consequently, the contradiction emerged: or governments 
protected local green industries, or they left the market and countries’ comparative advantages 
bring costs down, increasing the overall spread of renewables. 
The USA and the EU interposed the commercial barriers to Chinese solar products to 
protect their respective national industries against the cheaper prices of Chinese photovoltaic 
cells. The US started the investigation in 2011 and in 2012 imposed unilateral anti-dumping 
tax rates of 18% to 249% on Chinese photovoltaic cells, besides a final countervailing tax rate 
of 14% to 15% (WANG, LUO, & GUO, 2014). 
The European Commission approved in 2013 tariffs of 47% on Chinese solar goods in 
response to the complaints of dumping posed by Germany-based SolarWorld 
(STONINGTON, 2013). Yet, the German government itself has opposed the provisional trade 
measures by the European Commission, urging a negotiated settlement rather than imposing 
unilateral tariffs (Hughes and Meckling 2015). Despite the agreement between the EU and 
China to introduce a “Minimum Import Price”, a set price and an annual quota on Chinese 
solar products, the negotiations are still ongoing (as of 2017). There is growing opposition 
within the EU to protectionist measures which increase the final price of the PV system’s 
installations. As Solar power Europe predicts, ‘Even though the Commissioner has pledged to 
“gradually phase out the measures” there are no guarantees that this will transpire in 
September 2018’(Solar Power Europe 2017).  
For China these measures caused an “overcapacity crisis” in the PV sector. While the 
domestic market was insignificant, 90% of the panels produced in China were destined for 
export. After the protectionist measures were put in place, Chinese exports were reduced, as 
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well as the national demand wasn’t sufficient to absorb the panel production capacity. In order 
to save the Chinese green industry, which had become important for many Chinese provinces, 
the State Owned Enterprises (SOEs) started to invest in the sector and acquire many 
previously private companies (Shen 2017).  
Currently the main competitors of Chinese producers of PV panels are American First 
Solar, South Corean Hanwha Q-cells among others, yet Chinese companies continue to lead 
the world ranking. The solar energy sector was protected and flourished under the Obama 
administration. However, with the election of Donald Trump in 2016, companies started to 
have doubts regarding its future. It is not only about Donald Trump’s denial of the existence of 
Climate Change and talks on curtailing investments in renewables, but also about the 
appointments of Rex Tillerson — former CEO of ExxonMobil— and Scott Pruitt -a climate 
change denier. These events send a bad signal to the market and investors (Colville 2016).  
Regarding the total installed capacity, China leads all the indicators, being currently 
the leader of cumulative as well as annual installed capacity. Developed countries continue to 
dominate the chart of the top 10 countries, but developing countries such as Chile, the 
Philippines and India started to break through to the top places. Brazil is still lagging behind 
regarding the cumulative PV installed capacity, or industrial production, but has a strong 
position in other renewable energy sectors such as biomass, wind and hydro power.  
  
Figure 13. Top 10 countries for installations and total installed PV capacity in 2016 
 
Source: (IEA-PVPS 2017) 
However, as was demonstrated in Figure 4, the development path of renewable energy 
has shifted toward developing countries which are becoming the main producers and 
consumers of renewable energy technology. The same trend is observable overall in the solar 
energy sector.  
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1.3.2: South - South axis 
The South-South relationship is an academic term which is used to describe the 
relationship between developing countries, also known as countries from the Global South. 
According to the UNEP report, trade between Southern countries is growing even more 
rapidly than with Northern countries. South-South trade with Renewable Energy (RE) goods 
grew faster from 2004-2011 than the global and north-south trade in the same categories. The 
key players in South-South trade remain the developing countries in East and South-East 
Asia, associated with the solar PV, biomass and small hydro sectors (UNEP 2014).  
Starting from 1970, Asia-Pacific countries experienced a level of economic growth 
which provoked an increase in energy consumption. Asia is the region with the largest share 
of coal consumption in the world, accounting for 51% of regional energy consumption 
(Machado et al. 2011). Thus, the Asian region has in the last decades been eager to diversify 
its energy matrix and decrease CO2 emissions. International pressure, as well as the 
degradation of environmental conditions in the region, influenced favourably the development 
of renewable energy sources. Together with its potential on the international market, all these 
conditions led to the active development of solar and wind energy. However, this involvement 
did not manifest itself only in installed capacity as Asian countries were also active in the 
development of the technology and in its cost reduction.  
As shown in the UNEP report, PV goods dominate South-South trade in value terms 
within renewable energy products. Most of the commerce has been driven by intra-regional 
trade in East and South-East Asia, both through growing demand for solar PV for energy 
generation and through demand for solar PV components along a value chain (UNEP 2014). 
As shown in figure 14, the trade of solar goods is continuously changing toward the South-
South axis while the North, which was an exporter at the beginning of the 2000s, becomes an 
importer of solar goods. 
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Figure 14. Developed and developing counties share of total trade in solar energy 
goods, 2004-2012 (%) 
 
Source: (UNEP 2014) 
Apart from the commerce, Southern countries actively develop cooperation in the 
renewable energy sector, prioritising this issue on the political agenda. In the framework of 
BRICS
7
 cooperation, Russia proposed the creation of the BRICS energy association aimed at 
ensuring the energy security of its member states, and conducting integrated research and 
analysis of global energy markets (Itar-Tass 2016). The reason behind such an initiative is the 
crucial importance of the question of energy for BRICS countries and the creation of an 
insurance fund in the case of a crisis. Secondly, the creation of an alternative institution to the 
International Energy Association also enables the presentation of different energy market 
perspectives and alternative energy forecasts. Moreover, according to the last BRICS Xiamen 
Declaration in 2017, the leaders prioritised the importance of energy issues for further BRICS 
cooperation (Chinese Ministry of Foreign Affairs 2017): 
15. Underlining the strategic importance of energy to economic development, 
we commit to strengthen BRICS cooperation on energy. We recognize that 
sustainable development, energy access, and energy security are critical to the 
shared prosperity and future of the planet. We acknowledge that clean and 
renewable energy needs to be affordable to all. We will work to foster open, 
flexible and transparent markets for energy commodities and technologies. We 
will work together to promote most effective use of fossil fuels and wider use of 
                                                 
7
 BRICS stands for Brazil, Russia, India, China and South Africa 
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gas, hydro and nuclear power, which will contribute to the transformation 
toward a low emissions economy, better energy access, and sustainable 
development. In this regard, we underline the importance of predictability in 
accessing technology and finance for expansion of civil nuclear energy 
capacity which would contribute to sustainable development in BRICS 
countries. We encourage continued dialogue on the establishment of a BRICS 
Energy Research Cooperation Platform and urge relevant entities to continue 
to promote joint research on energy cooperation and energy efficiency. 
The importance of the energy question, as seen in the BRICS countries, highlights the 
emerging cooperation among developing countries to solve their energy related problems. 
One of the tools to be used is Photovoltaic technology, enabling electricity generation within 
the county’s borders and decreasing the dependence on external markets. Moreover, solar 
energy offers different advantages for each country. For China, as a world producer of PV 
technology, PV projects can also be used as a tool of soft power
8
. The market for solar and 
wind energy in Africa is emerging and China is positioned to play a major role in further 
developments. At the Sino-African summit of 2009, Chinese premier Wen Jiabao announced 
that China will carry out 100 renewable energy projects (excluding large hydropower) in 
African countries. For example, the company Beijing Xiaocheng already invested USD30 
million in the construction of 20 MW solar PV plants in Ghana (Pothecary 2016).  
Apart from political, economic and environmental advantages, Southern countries also 
embraced solar energy for its social benefits. Solar energy became an important substitute to 
expensive kerosene or diesel used in remote regions. Households in the remote communities 
normally would spend around USD 100 per month for energy supply (EPE 2016). The 
distribution characteristic of solar panels could bring these costs down for the most vulnerable 
people without stable energy access. Yet, due to the high capital cost, governmental incentives 
to purchase the system are of crucial importance. A good example of the use of PV 
technology in social policy could be a Chinese program for poverty alleviation. Poor people 
received a monthly payment for the energy they produced from solar. This brought them an 
additional income, while the government used their roofs to increase national energy supply 
(Wang 2016). 
India actively engaged in using solar energy as a social policy tool with widespread 
Barefoot Colleges, training illiterate or semi-literate women from many developing countries 
                                                 
8
 A persuasive approach to international relations, typically involving the use of economic or cultural 
influence (Oxford Dictionary) 
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to be solar energy technicians (Making it Magazine 2013). Women from South Africa, Brazil 
and other countries are selected to come to these colleges, returning to their communities 
capacitated to install PV systems. In Brazil, the World Wildlife Fund (WWF) has funded the 
education trips of several Brazilian women to India (Mathya 2017).  
Regarding the financial aspect, the solar projects financed by Southern countries are 
becoming more and more accessible. Many southern financial institutions, as BRICS 
development bank, the African Development bank and the Asian Development Bank (ADB) 
offered various options of loans for renewable energy projects. The BRICS development 
bank, for instance, was set up in 2015 by the BRICS countries to fund infrastructure projects 
in developing countries and promote sustainable development. In 2016 it issued loans totalling 
$811 million in the “First Round for Green Energy projects” (Jai Sharda 2016). The biggest 
benefiting country is Brazil, where the Brazilian development bank (BNDES) will receive 
$300 million to help build 600 megawatts of renewable energy capacity. All BRICS countries 
have announced targets to add renewable energy capacities in the framework of climate 
change negotiations. To achieve these targets they would need around USD$ 177bn of 
investments in all countries (Jai Sharda 2016).  
Different regional banks are actively approving renewable energy projects. For 
instance, the ADB has already approved almost 500 different projects to finance renewable 
energy in different Asian countries (ADB 2017). Due to the fact that high capital costs are one 
of the main barriers for renewable energy development, options of loans are a crucial tool for 
RES further deployment. Thus, the trade within Southern countries in the solar energy sector 
reflects the new pattern of relationships between the them, which have taken a more 
technological and financial focus. This allows Southern economies to export, innovate and 
stimulate employment growth, producing clean energy and reducing inequality. 
 
1.4: Final considerations 
This chapter presented the global context of the energy sector in general and of 
renewable energy in particular. Renewable energy is increasing its share in the global 
electricity mix and playing an important role in terms of economy, security, environmental 
and societal issues. The renewable energy development path started due to the oil crises of the 
1970s and the urge to diversify the national electricity mix, especially in developed countries. 
Additionally, the climate negotiations together with the emissions reduction target favoured 
the technological advances of RES.  
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Solar energy has the strongest potential and compared to other energy sources, it has 
the possibility of providing a cheap decentralised energy to off-grid communities, replacing 
more expensive kerosene and diesel. This democratisation and decentralisation of energy 
supply is offering the possibility to individuals to produce their own energy with zero 
marginal costs. Photovoltaic technology is the most widespread technology, which converts 
sunlight into electrical energy. The costs have dropped drastically throughout the past decade 
and are expected to decrease further together with expected efficiency improvements. Besides 
its many advantages, the technology has its own limits and it is important to work towards the 
improvement of these elements. 
This study demonstrated that the development of solar industries did not occur at the 
hands of a few big companies, but relied on the contributions of large numbers of specialised 
firms in global supply chains, as well as on an active supporting role played by the 
government. At the beginning of RES technology development, the main players were 
developed countries, but this leadership is moving toward developing economies, where 
China has become a leader of renewable energy race. China succeeded in reducing PV panel 
production costs, with the help of the demand from developed countries. Yet, the USA, South 
Korea, Japan, EU countries and many others are working with innovative solar products, 
boosting the competition and further innovations in the sector. 
Solar energy technology is becoming an important good within South-South trade, 
while previously the trade had been concentrated between Northern and Eastern countries. 
This trend shows the increasing influence of developing countries in solar energy growth. 
Brazil and China are the leaders of RES within the emerging countries and despite the fact 
that China is leading the solar energy race, Brazil has a good chance of also becoming an 





Chapter 2: History of energy sector formation in Brazil and China 
In order to analyse a current form of renewable energy policy-making, a deep 
understanding of its origins and evolution is of crucial importance. Tracing political processes 
helps to uncover path dependencies and draw causal and constitutive inferences. This chapter 
analyses the formation of the electricity and renewable energy sectors in Brazil and China, in 
particular the emergence of solar energy. The time frame for Brazil starts from the beginning 
of the formation of the electricity sector, as it is important to demonstrate that private 
companies have dominated the emergence of the electricity sector. Thus, the time frame is 
1879-2015. For China, the time frame starts later, as the current electricity structure is linked 
to the foundation of the People's Republic of China, in 1949. The Communist party came to 
power and changed the previous institutional structure, which was left outside of our scope of 
analysis. 
2.1: The developmental path of the energy sector in Brazil 
As was the case in Russia where Pedro I brought western innovations and 
enlightenment, Brazilian emperor Dom Pedro II went to the USA and brought back electricity 
technology to Brazil. Three years later, in 1879, the first public lighting system was 
inaugurated in a railway station. Later, in 1883, the first hydropower station was inaugurated 
in the State of Minas Gerais. Thus, at the end of the XIXth century many power stations had 
been inaugurated, through public funding or foreign capital participation (Leite 2007). 
From 1890 to 1909 the number of factories grew by 800%. The manufacture industry 
had been using mainly imported coal, but switched to hydroelectricity based on a conviction 
that it was cheaper. Brazil’s rapid development attracted the interest of foreign capital. Thus, 
in 1899 “São Paulo Railway, Light and Power Company Limited” was officially set up in 
Toronto, Canada, but possessed the right to generate and distribute electricity in São Paulo. In 
1904, the same Canadian investors together with American partners created to provide all 
urban services (Gomes et al. 2002; Leite 2007).  
In 1924, American investors came to Brazil and created the American Foreign Power 
Company (AMFORP) acquiring 11 utility companies, which were not under the control of the 
Light company. By 1930 the energy sector basically had been divided between two foreign 
companies—Light Company in Rio de Janeiro and AMFORP, controlling mostly São Paulo 
state. As is often the case with market pioneers, they participated in the formulation of 
regulations favouring their interests. One of the examples is the so-called “Gold Clause”, 
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which was used from the first contract with Light and guaranteed the systematic tariff 
adjustment to the price of gold, due to the currency devaluation. 
Regulation of electric sector 
The period of 1880-1930 is considered to be dominated by a private foreign monopoly 
in the Brazilian energy sector. In 1930 the revolution took place, ending the old republic and 
Getulio Vargas (1930-1945; 1951-1954) came to power. Given his nationalistic nature, 
Vargas wanted to undermine the dominance of foreign capital in such a strategic sector as 
energy (Leite 2007). Thus, from the 1930s, the Brazilian government initiated a more rigid 
policy towards the regulation of the energy sector with the institution of the Water Code 
(Código de Águas, Decreto 24.643, de 10 de julho de 1934) — the first regulatory framework 
for the electric power sector. The most controversial changes were the suspension of any 
operations with waterfalls, the prevention of any transaction involving natural resources and 
the abolishment of the Gold Clause. Instead of the Gold Clause, tariffs were adopted based on 
the historical costs. Moreover, the government instituted in 1939 the National Council of 
Water and Electricity (CNAEE), subordinated to the Presidence of the Republic and 
responsible for all questions regarding the electric power sector.  
Foreign companies showed a strong resistance to these changes, resulting in the 
reduction of foreign investment and consequently the decrease of new installed capacity. Yet, 
energy demand continued to grow and many localities suffered from energy rationing. The 
CNAEE had legislative power, yet it didn’t have any resources to exercise it, thus its main 
preoccupation was the coordination of energy rationing. Light and AMFORP continued to 
influence the energy sector. The growing energy demand and the incapacity of national 
companies to fulfil the demand by themselves pressured the government to soften the rules 
regarding foreign capital and to take such measure as, for example, authorising the 
construction of electric power plants utilising new waterfalls. Under these circumstances, the 
Vargas government took a first direct State initiative—the creation of the Hydroelectric Power 
Company of São Francisco (CHESF) to increase the supply of energy to the North-eastern 
states and explore the São Francisco River (Gomes et al. 2002). Thereafter, many states 
started creating their own electric power companies with different degrees of success. In the 
Minas Gerais state, while the future President of Brazil—Juscelino Kubitschek was the state 
governor, CEMIG (Power stations of Minas Gerais) was created in 1952. CEMIG proved to 
be a successful company with economic autonomy from the state budget.  
When in 1951 Getulio Vargas was re-elected as President of Brazil, he continued to 
work towards the economic development of the country through the creation of the Mixed 
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Committee of the USA and Brazil. This cooperation enabled Vargas to get a loan from foreign 
banks (BIRD et Eximbank) with favourable conditions. As a counterpart of foreign 
investments the economic re-equipment program was created. It was administered by the 
BNDE (National Development Bank), institution founded in 1952 (Leite 2007) and which 
became an important investor in infrastructure and energy projects in Brazil. 
With Vargas' death in 1954 a troubled political period continued until the inauguration 
of Juscelino Kubitschek in 1956. His presidency was marked by the rapid economic 
development with the priority given to the energy projects: many hydropower stations were 
built and one of the biggest energy company Furnas instituted. The expansion of the energy 
sector favoured the creation of the Ministry of Mines and Energy (MME) in 1960. Moreover, 
Kubitschek had proposed the creation of Centrais Elétricas Brasileiras S.A. (Eletrobras) in 
1954. Following many discussions in Congress, it was created seven years later, in 1961, as a 
government holding, which controlled Furnas, Cemig and others State utility companies.  
The nationalisation process started with the beginning of the military regime in Brazil. 
In 1964, AMFOR group was acquired by Eletrobras, followed by Light and concluding the 
period of foreign capital dominance in the Brazilian energy market. Since then, the State has 
been a principal actor in this market, possessing the majority of installed capacity. Later, 
Eletrobras created two important subsidiaries: Eletrosul to operate in the south and Eletronorte 
in the north, in particular to construct Tucurui hydropower station (Gomes 2012). In the same 
period the construction of one of the biggest hydropower stations was initiated on the Parana 
River: Itaipu dam. After difficult negotiations in 1973, Brazil and Paraguay signed the Itaipu 
Treaty and constituted “Itaipu binacional”, in which half of Brazilian shares were held by 
Eletrobras, further reinforcing its position in the sector (Milano and Vieira 2009). 
The power in the Electric Energy sector was distributed as follows: Eletrobras was 
mainly responsible for the planning and execution of federal policies regarding electric 
energy; while the National Department of Water and Electric Energy was responsible for the 
regulation and monitoring of the sector (Leite 2007; Milano and Vieira 2009). As Eletrobras is 
a state-run power holding not engaged in profitmaking activities, the profit that distribution 
companies received was supposed to be reinvested. During this period it used electricity 
tariffs to control inflation and ensure lower energy prices. The state utility companies Chesf 
and Furnas among others were the subsidiaries of Eletrobras. Their managers were nominated 
by the federal government according to political interests (Milano and Vieira 2009). Yet, 
subsidiaries wanted more independence from Eletrobras and to pursue local interests with the 
nomination of local managers. Obviously, Eletrobras resisted such attitudes and later even 
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added to all utility companies the prefix “Eletrobras”, such as Eletrobras-Chesf to demonstrate 
that it belonged to the holding (Frontin 2017). Thus, until the later reorganisation of 
Eletrobras, these conflicts of interest were part of its daily activity. 
The Pro-Alcool program  
The world oil crisis happened when an oil embargo was proclaimed by the members of 
the Organisation of Arab Petroleum Exporting Countries in 1973. The prices of oil increased 
drastically and impacted all oil importing countries. At that time Brazil imported around 80% 
of consumed oil. As a response to the oil crisis, under Ernesto Geisel's leadership the 
Brazilian government introduced the Pro-Alcool programme, aimed at promoting bioethanol 
as a fuel in order to decrease the dependency on oil imports (Executive Decree 76,595).  
Sugar cane had been used as fuel even before the Second Wold War, yet only on a 
small scale. In 1941, the consumption of sugarcane ethanol represented less than 1% of total 
national consumption (Leite 2007). The aim of the newly established programme was to 
increase the production of sugarcane ethanol and to replace oil. Yet, the motivations were 
mainly economic: while oil prices were increasing, the price of sugar was dropping, creating a 
rapidly growing trade deficit (Giesbrecht 2013). The Pro-alcool programme offered the 
following incentives (Larrea 2013):  
- Ethanol prices were lower than gasoline and were controlled by the government; 
- Producers of ethanol received a guaranteed remuneration;  
- Gas stations had an obligation to sell the ethanol; 
- There were tax breaks on ethanol cars; 
- Financial incentives were offered to producers, such as low interest loans. 
As a result of this programme, ethanol production increased drastically from 600 
million litres/year in 1975 to 3.4 billion litres/year in 1979, introducing the first car powered 
by ethanol (Giesbrecht 2013). From 1983 to 1988, almost 90 percent of the new vehicles sold 
in Brazil ran on ethanol. Yet, with the fall of oil prices in 1986, government priorities changed 
and Petrobras delivered gasoline to the market at the expense of ethanol fuel.  
The Pro-alcool programme was part of a large National Development Plan which 
aimed to reduce National energy dependency. It included, amongst others: the expansion of 
hydropower capacity, and investments in Pro-óleo (development of fuel based on vegetal oil), 
Pro-carvão (development of fuel based on mineral coal) and Pro-Alcool (development of fuel 
based on anhydrous alcohol). However, only the Pro-Alcool program had a successful path, 
due to government support and already established technical expertise (Furtado 1985).  
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Period from 1980 to 1992—electric sector crises 
The first and then the second oil crises in 1973 and 1979 impacted amongst other 
factors the revaluation of the cruzeiro (the Brazilian currency at the time) and the elevation of 
international interest rates. Brazil, like many other Latin American countries went through a 
large debt crisis in the seventies and borrowed money from international creditors. This 
boosted an economic growth which became known as the “Brazilian Miracle”, reaching an 
annual growth of around 10%. But accumulated loans became unbearable for Brazil and when 
inability to pay them back became apparent, loans ceased (Leite 2007).  
The Brazilian government reached an agreement in 1983 with the International 
Monetary Fund (IMF), which provided a series of loans to Brazil under conditions of austerity 
measures, budget cuts and many other reforms. This economic situation resulted in constant 
delays in on-going projects and a reduction in new projects. Electricity tariffs were artificially 
reduced as an anti-inflation measure, to a level which did not guarantee the minimum 
remuneration of 10%. Consequently, the electric energy companies started to decapitalise. 
The establishment of uniform tariffs also collaborated to the deepening of the crisis, as they 
redistributed the resources from companies generating a surplus to those running on a budget 
deficit. Many different instruments, such as single tax, compulsory loan and guaranteed 
revenue, were introduced to increase investments into the expansion of energy capacity. In the 
1980s, the government started to use tariffs as a monetary policy instrument aimed at holding 
back inflation, compromising the financial flow of the sector (Carvalho 2015).  
The transition period from military government to civil power in 1985 was marked by 
the attempt to stabilise the on-going crises in the energy sector through the Sectorial Recovery 
Plan (Plano de Recuperação Setorial). In the framework of this plan, the World Bank 
provided a part of joint funding with the aim of financially re-balancing companies in the 
energy sector (Amaral 2007). 
Although in 1984 Brazil recovered its economic growth, its economy still had many 
obstacles to overcome. The annual inflation rate had been around 200% since 1983 and 
promised to reach 400% in 1986. As a response, the government created the “Plano Cruzado” 
to stabilise the inflation without recessionary measures. The plan included, amongst others, 
price freezing measures, paralysing the Sectorial Recovery Plan’s previous attempt to recover 
tariffs. Any further attempts to correct imbalances, such as electricity price readjustments, 
resulted only in price increases. The continued budgetary imbalance and the increase of 
external debt led to the declaration of a debt moratorium and to accelerated inflation (Amaral 
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2007). The aggravated crises reached a point at which various Eletrobras subsidiaries stopped 
paying each other due to the difficult financial situation (Furtado 2015). 
In the framework of continued attempts to stabilise the energy sector, in 1987 
Eletrobras and the Ministry of Mines and Energy held the REVISE (Institutional revision of 
electric sector) forum to search for a new institutional model, gathering main actors from the 
electricity sector. Yet after two years of discussion, the participants were very far from having 
reached a consensus (Amaral 2007; Furtado 2015; Giesbrecht 2013). With the promulgation 
of the Constitution in 1988 and the further democratisation of the country, many state utility 
companies deferred the payment of federal taxes and later stopped paying the federal 
generation companies for their energy. The state companies started demonstrating their 
discontent with the current institutional system by demanding reforms. At the beginning of the 
1990s the electricity sector was in a very delicate position: government claimed the 
impossibility to invest, state-owned companies were highly indebted and privatisation seemed 
to be one of the solutions. 
 1990 – The privatisation of the electric sector 
On the 12
th
 of December 1990 the government under just elected Fernando Collor de 
Mello issued the National Privatisation Program (Law n. 8031). One of the pillars of the 
programme was the readjustment of energy prices to secure financial return for the investors 
(Amaral 2007). After Collor de Mello's impeachment in 1992, Itamar Franco received the 
government in deep economic and political crises, in particular in the energy sector. Starting 
with the promulgation of law nº 8.631, the electric sector started its reorganisation with an 
entrepreneurial focus, allowing less controlled tariffs and abolishing the uniform scheme. 
Such measures contributed to the balance of payments adjustment and the financial relief of 
utility companies (Goldenberg and Prado 2003).  
Moreover, Brazil hosted the Rio-92 International Conference “Earth Summit” which 
helped to propel environmental concerns into Brazilian society. The Summit led to the 
drafting of the Biodiversity Convention; facilitated negotiations and the agreement of the 
Climate Change Convention and helped funding commitments regarding Agenda 21. The 
Brazilian government created the Ministry of Environment, demonstrating political attention 
to environmental concerns, yet occupying a secondary position in the federal administration 
(Ferreira, Barbi, and D’Ottaviano 2016). ). However, at the time, as Brazil wasn't engaged in 
legal obligations to reduce emissions, energy costs prevailed as a main factor in the energy 
contracting process (Livino 2016).  
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The presidency of Fernando Henrique Cardoso (1995-2002) enforced the turn towards 
the privatisation of the electric sector (Furtado 2015). In 1995, the law of concessions (Law 
nº. 8987) of public services was edited and since then public services have been contracted 
through the bidding system. This regulation, together with law nº 8.631 mentioned previously, 
initiated the process of denationalisation of the electricity sector. The first small federal utility 
company to privatize was the ESCELSA in Espirito Santo state, becoming an example for 
others. Later many other local utility companies were privatised and by the year 2000 around 
65% of previously national distribution companies became private. Yet, there are many utility 
companies which remained under the control of Brazilian government, such as Eletronorte, 
Chesf, Furnas and others (Amaral 2007). 
In order to control and regulate the newly formed energy sector, government needed to 
restructure the current institutional system to ensure the control of the distribution and 
transmission sectors. Several important agencies were created to better regulate the new (more 
privatised) system. The National Agency of Electric Energy (ANEEL) was created by law nº 
9.427 (26/12/1996) to monitor the production, transmission, distribution and sale of electricity 
in accordance with the policies and guidelines of the Federal Government. It became an 
important agency in the newly formed sector, as it started to monitor both private and public 
companies with a certain independence (Furtado 2015; Leite 2007). Later, in 1998, the 
Electric System National Operator (ONS) was created under the regulation and supervision of 
ANEEL, aiming to lead activities to coordinate and control the operation of generation and 
transmission. Thus, the newly formed energy sector became highly institutionalised with a 
significant increase of important actors in the sector. This included a government regulatory 
agency, utility companies whether private or public, financial institutions such as BNDES, 
ONS and many other associations and suppliers of goods (Milano and Vieira 2009). 
Thus, the reforms in the electric sector led to the following changes (Goldenberg and 
Prado 2003; Gomes 2012):  
- De-verticalisation of generation, transmission and distribution of energy; 
- Establishment of conditions for free access to the transmission lines to enable 
competition in production and commercialisation;  
- Creation of the transmission sector as an independent market; and 
- Introduction of competition in the energy generation sector.  
After privatisation, many experts criticised the way the process had been conducted: 
the private companies raised the tariffs, didn’t have any incentives to invest in new energy 
projects and State companies were sold for undervalued prices (Frontin 2017; Lessa 2001). In 
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the period of 1992-2002, the electricity capacity growth accounted for only 36% due to the 
continuous lack of financial resources the electric sector, while in the period of 1980-92 even 
in the middle of the external debt crisis the growth was around 120% (Milano and Vieira 
2009). Thus, Milano and Vieira concluded that the availability of financial resources is one of 
the predominant conditions for the expansion of energy capacity.  
Energy crisis of 2000s 
In the middle of this transition period towards the new Institutional system, the old one 
was not working any more, while the private sector hadn’t built confidence yet and energy 
generation was not sufficient to supply the constant demand from economic and population 
growth (Goldenberg and Prado 2003). Between 1980 and 2002, electricity generation in 
Brazil grew at an annual average rate of 4.2%, while there were not sufficient investments in 
the expansion of capacity. The regulatory agencies such as ANEEL, became important entities 
in the newly established electrical sector, yet without any capacities for long-term planning. 
As the private sector didn’t have any incentives to invest in new power plants, government 
also failed to forecast the lack of power generation capacity that led to the energy crisis 
(Furtado 2015). Moreover, there were other factors which contributed to the aggravation of 
the energy sector’s situation at the time (Lessa 2001): many years of insufficient rain affected 
the reservoirs; lack of strategic vision and proper planning over many years.  
In addition to the internal factors, there are also external dynamics which caused the 
electric crises in Brazil. Guimarães, for instance, refers to the international context of global 
economic recession that reduced Brazilian exports, as well as instability in the neighbouring 
countries, global financial crises and many others factors that impacted the Brazilian economy 
at that time (Guimaraes 2001). Additionally, as argued by Lessa, after receiving a loan from 
the IMF, the state companies were not allowed to invest in new energy projects, resulting in a 
lack of investments into the expansion of energy capacity (Lessa 2001). 
Energy rationing in 2001 induced the creation of the Assembly for Energy Crisis 
Management (Carvalho 2015). Thus, until 2002 the population suffered constant blackouts 
and energy rationing. For the nation, that energy crisis served as a lesson on the urgency of 
energy matrix diversification. At the time, Brazil had already established itself as a big player 
in the climate change negotiations and it is was important to project itself to other countries as 
a government which promoted renewable energy.  
Especially after the energy crises, the government initiated more dynamic 
diversification of the electricity matrix and increased the consumption of natural gas. Already 
since 1980, natural gas had increased its share as a primary energy source in Brazil, growing 
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at an annual rate of almost 13%. This amount comprised mainly of gas imported from 
Argentina and Bolivia with a small fraction of domestic production. The risk of energy 
dependence on other countries led to the decision of prioritising national gas production in 
Amazonia, which was more expensive.  
Investing in Research and Development (R&D) 
The electric sector depended for a long time on foreign technology imports. There 
were some institutions developing national technology, but the quantity was limited. 
Importing foreign technology is usually a costly and risky process and in order to secure itself 
and find long-term innovative solutions the government had to invest in R&D activities. 
Before the oil crisis of 1973, the electric sector was mainly dominated by private monopolies 
and by the State, thus there were few investments in national innovation development. CEPEL 
– Eletrobras' research centre- was founded in 1974 to develop new technology in the 
electricity sector, which became one of the biggest in Latin America. It was the centre of the 
research activities conducted by many agencies of the sector. As it was funded mainly with 
Eletrobras resources, after the crises of the 1980-90s there was a considerable reduction of 
investments in R&D activities (Furtado 2015).  
Thus, in 1998, the ANEEL resolution (No. 242/98 and 261/99) rendered mandatory the 
application of at least 0.1% of the annual operating revenue of electricity distribution 
companies with concession contracts with the Agency, into R&D projects. These financial 
resources were divided between ANEEL and CT-ENERG projects. The latter was created to 
support the academic sector and to invest in energy efficiency projects. Compared with CT-
ENERG, ANEEL’s fund had a bigger share of investments.  
Later in 2000, the government obliged the large electricity distribution companies to 
apply at least 0.5% of their net operating revenue per year in R&D projects related to energy 
efficiency (Law No. 9,991, of July 24, 2000).  
“Divided between the short and long-term solution, these measures were supposed to 
drive the innovations in Brazil in theory, yet in practice we see the deterioration of sectoral 
economic efficiency” (Furtado 2015). This is explained by the fact that government doesn’t 
want to invest these resources in the high risk activities needed to invent long term solutions, 
and due to the lack of coordinated actions, the distribution companies allocate the resources to 
the resolution of their individual problems. 
New model of the Brazilian Electricity sector 
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A new institutional model was developed over 2003-2005 during President Lula's term 
(2003-2011), led at the time by Minister of Mines and Energy Dilma Rousseff. The left wing 
government returned to energy planning as a central activity and prompted government 
leadership, through the creation of the Energy Research Enterprise (EPE) in 2004 
(Tolmasquim 2011). The latter is linked to the MME and aimed to ensure integrated long-term 
planning for the electric sector. The EPE is responsible for providing studies, projecting 
energy supply and demand, as well carrying out research into new energy sources (Carvalho 
2015). The agency covers five main areas: economy of energy and the environment; 
electricity; petroleum; gas and biofuels; corporate management. 
Moreover, several principals were adopted to serve as a guideline for energy planning. 
According to these principles, on one hand the government should diversify the electricity 
mix and provide universal energy access, yet on the other hand should ensure moderate tariffs 
and reliable supply. These are the four most crucial principles for renewable energy 
development, which are often cited by the government regarding their policy directions
9
: 
- supply reliability, to ensure a constant and high-quality energy supply; 
- moderate tariffs, to ensure the competitiveness of the economy; 
- universal access, to promote social inclusion; 
- Diversity of the electricity matrix: use of renewable energy. 
The new legislative framework was defined by Law 10.848/2004 and consisted of 
several measures that not only transformed the sector, but also strengthened the existing 
agencies. One of the introductions to the new models was the requirement that the distribution 
companies purchase enough electricity to satisfy 100% of the demand and the creation of two 
parallel markets for electricity trading:  
 The regulated contracting market destined for distribution companies, which is 
operated through electricity purchase auctions, and 
 The free contracting market destined for generators, consumers and electricity trading 
companies. 
The discovery of oil sources and gas redirected government support from renewables 
towards fossil fuels, as was also demonstrated by Giesbrecht (2013). Since the discovery of 
large pre-salt oil deposits, the biofuel development programme suffered a reduction of 
subsidies and an increase in prices that made it impossible to compete with oil products. The 
crisis started in 2010 with the implementation of fuel price-control policies to control the 
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inflation from the influence of energy prices (França and Bretanha 2014). Moreover, the 
strategy of fossil fuel exploration was in contradiction with the National Climate Change plan, 
as was argued by Vieira (2017). 
2.2: The emergence of the renewable energy sector in Brazil 
While hydro and biomass technologies became quite mature by the end of the 20
th
 
century, wind and solar energy had just initiated their development paths. Already in 1992, the 
first wind plant had been installed in the North-East of Brazil due to funding from Folkecenter 
(Danish research Centre) and a Brazilian University (Universidade Federal de Pernambuco). 
Since the oil crises of 1970s, Brazil had been eager to diversify the electricity matrix and to 
develop new technologies. However, due to high importation costs and to a lack of 
government support for R&D activities, Brazil was a late-comer in the exploration of 
alternative sources. Generally, the Brazilian electric sector held a conservative point of view, 
focusing largely on hydro and thermal energy (Soriano 2016).  
The fast development of renewable energy technology in the global market largely 
impacted its integration in Brazil. The fact that wind and solar technologies became cheaper 
and wildly used facilitated their entrance into the Brazilian market. The Brazilian renewable 
sector demonstrated the “interconnectedness” with the global renewable energy market due to 
the underdeveloped national industry and to the need to import the majority of technology 
(Souza and Cavalcante 2016). Prior to 2009, there were few nationally wind technology 
suppliers. However, wind industry expanded significantly because of the incentive policy and 
national content rule. The same pattern is expected for the solar sector, but as of 2016, 
national production demonstrated its uncompetitiveness compared with China.  
Another important driver for further deployment of renewable and awareness-raising 
were the climate change negotiations where Brazil had one of the leading roles, being a 
country with a high percentage of renewables in the electricity matrix. In 2002, Rio+10 – a 
conference held in South Africa, engaged Brazilian society to participate in the construction 
of the Brazilian Agenda 21. Public consultations enabled various actors such as NGOs, 
Universities and others to integrate their initiatives into the international agenda, raising 
awareness about the issue of renewable energy around Brazil (Ferreira et al. 2016). 
PROINFA  
The same year, the government of Brazil created PROINFA (Incentive Program for 
Alternative Sources of Electricity, law n.10.438 from 26/04/2002). The programme 
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established minimum deployment targets and set Feed in Tariffs (FIT)
10
 for renewable power 
plants in order to compensate the disadvantages of such technologies in relation to the more 
competitive prices of the electricity generated in conventional power plants.  
The programme covered the implementation of 144 plants, totalling 3.2 GW of 
installed capacity, including 1.2 GW of small hydro, 1.4 GW of wind power plants, and 0.6 
GW coming from biomass. Eletrobras guarantied the purchase of energy for 20 years. The PV 
projects were presented as well, yet the uncompetitive price compared with other sources 
didn’t allow the projects to enter the programme. General objectives were to achieve 10% of 
the current Brazilian demand of electric energy per year from biomass, wind and small hydro; 
to reduce emissions and to diversify the energy matrix (MME 2002). In 2016 around 10 GW
11
 
of installed capacity was registered, starting from only 0.2 GW in 2001. 
The programme not only increased the renewable energy share in the electricity 
matrix, but also resulted in greater domestic technology development, particularly in the wind 
sector. In 2013, more than a dozen local manufacturers were employing highly qualified 
workers and supplying wind turbines for the domestic, as well as for the Argentinian, North 
American and European markets (Silva et al. 2013). However, Brazilian policies were focused 
on creating a market for wind energy, missing out on technology policies and the stimulation 
of technology learning a pattern that seems to be repeated with PV technology (Camillo 
2013).  
Solar energy in the rural areas  
In Brazil, solar photovoltaic energy emerged first to provide electricity to the remote 
communities in the North and Northeast of Brazil, mainly thanks to support from the 
government, NGOs and International organisations. In 1992, the CEPEL started to research 
solar energy and signed the agreement with NREL (US DoE) for rural electrification in 
various states. In 1995 the CEPEL launched jointly with MME the Programme for Energy 
Development of States and Municipalities (PRODEEM). The main objective was to promote 
the supply of energy to poor rural communities that are far away from conventional electric 
systems. Thanks to the programme, the villages got access to electric energy, water pumping 
and lighting. From 1996-2002 the programme managed to deliver 8,742 projects, of which 
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around 6,000 were PV systems (MME 2008). These projects were focused basically on four 
systems: Solar water pumping, irrigation; Street lighting; systems for collective use such as 
schools or medical centres; and household use.  
The Programme for the Universalisation of Electricity Access and Use (“Luz para 
todos”, decree 4.873, 11.11.2003) might be seen as a development of the Programme for 
Energy Development of States and Municipalities (PRODEEM). Yet, its goals are more 
ambitious in the sense that it aimed at complete universalisation of electricity access. Solar 
energy was included as part of the programme through the PV and solar water heater (SWH) 
technologies. The ambitious objective of the programme is to bring energy to around 12 
million people, mostly living in rural areas. Yet, the programme encountered many challenges 
and limitations, analysed in details by Rosa, Villaça and other Brazilian authors (Rosa 2007; 
Villaça 2011). Moreover, in 2009, government introduced solar water heating systems into the 
programme “My house, my life”, which promoted affordable government subsidised homes 
(Mesquita 2014). These social programmes using solar technology became important bases 
for further integration of solar energy into social policy. 
Start of large-scale development 
Already in 80s Brazil had its own first PV panel’s production at the Heliodinâmica, 
founded by Bruno Topel. The company produced and exported PV panels, but the national 
and overseas demand was low and Fernando Collor’s policy of opening the market for 
imported products both harmed the nascent industry. Only in 2011, when the world prices of 
PV panels decreased, ANEEL issued the strategic R&D call n.13, which was crucial to boost 
large scale projects in Brazil and to discover the real price of PV energy in Brazil. Around 100 
projects were presented for funding, from which 18 were approved by ANEEL (Lopes 2013). 
Tanquinho was the first project to be inaugurated in 2012 of 1 MW PV plant, developed by 
CPFL Energia (São Paulo state utility company). 
 However, the majority of developers were not able to inaugurate the PV plant due to 
different reasons (Frontin 2017). These projects were not only supposed to install power 
plants, but also to spread the information, conduct educational activities on solar energy and 
become a base for research projects. Consequently, this strategic call was an important start 
for large-scale solar energy development in Brazil, which boosted the insertion of PV energy 
into energy planning. In 2013, EPE projected that PV installed capacity would achieve 118 
GWp in LS plants and 78 GW in DG by 2050 (EPE 2014). This projection gave a signal to the 
government to prepare themselves for the insertion of renewable energy. That same year, the 
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first auction for solar energy was launched firstly in Pernambuco state and then on the federal 
level. 
Figure 15. Photos of the Tanquinho PV plant 
  
Source: Made by author in 2014 
Moreover, government introduced resolution n. 482, which enabled the net-metering 
system to boost distributed generation, which later was altered to REN 687/2015. The 
resolution together with the newly established auction system boosted the solar energy sector 
in Brazil, giving a green light for the local industry establishment. These regulatory measures 
came just after the prices for PV panels drastically decreased in 2012.  
As of 2016, non-hydro renewables don’t occupy a large share in the electricity matrix. 
While biomass kept more or less the same share over the past years, solar and wind energy 
has grown rapidly in the last decade. Wind energy achieved 5.4% and solar has started to 
appear in the energy matrix. The rapid growth of wind energy and the similar trajectory of PV 




Figure 16. Brazilian electricity matrix in 2016 
 
Source: (EPE 2017) 
2.3: The developmental path of energy sectors in China 
 
Central planning 1950 to 1979 
 
During the period of 1950-1979, the energy sector was modelled after the Soviet 
Union’s central planning economic system: complete government control with little 
competition. The sector’s management shifted between local and central government without 
proper energy planning (Zhao 2001). The State Planning Commission, established in 1952, 
became a key agency responsible for managing China’s centrally planned economy. The First 
five-year plan was issued in 1953, providing general guidelines for long term development in 
the energy sector together with other social and economic development initiatives.  
When China recovered from the civil war in 1950, economic growth and rapid 
industrialisation were the priorities, while energy production was limited at the time. Soon, 
there were many different energy sources under development and the Institutional structure 
was trying to find the best way to operate the sector trying to centralise all energy sources in 
one institution or separating them into several (Cunningham 2015). This was reflected in the 
constant change of regulation framework and in a certain instability of the electricity sector.  
In 1966, the Cultural Revolution produced political turmoil and many institutions were 
restructured towards simplification, according to the new ideology. The implications of the 
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Cultural Revolution for the energy sector were dramatic as it resulted in the drop of coal 
production and in poor quality performance. Moreover, the management of State-run 
enterprises in the energy sector passed to local governments, yet with little space for local 
initiatives (Zhao 2001). 
Environmental policy started to gain its place within the political agenda mostly due to 
the United Nations Conference on Human Environment, held in 1972. One year later, the 
group of experts had been formed, preparing the general recommendations on environmental 
protection for the government. In 1979, the Environmental Protection law was adopted, 
initiating the development of a legal framework regarding environmental protection. 
Interestingly, before the 1970s, Chinese culture considered nature more as a restriction to be 
dominated or overcome, rather than a resource to be preserved and harmonised (Ferreira et al. 
2016).  
Transition from central planning to market economy from 1980 to 1992  
In 1980 China had a radical change of policy, opening its doors and reorganising the 
economic system. As a result of such an open door policy China experienced rapid economic 
development and a shortage of energy supply. Thus, the main government efforts were 
directed towards the increase of new energy capacities. Price reforms and new funding 
mechanisms were introduced to attract non-governmental investment (Zhao 2001).  
In 1982-83 the Ministry of Petroleum Industry was split into three organisations: the 
China National Offshore Oil Corporation (CNOOC), the China National Petrochemical 
Corporation (Sinopec), and the China National Petroleum Corporation (CNPC). CNOOC 
held the rights to exploration, development, production, and sale in predetermined offshore 
zones and directed international cooperation in offshore petroleum development. Sinopec, 
run by the State Council, was established to utilize petroleum and natural gas for production 
of oil products, synthetic materials, and organic raw materials. CNPC focused on domestic 
exploration and production and managed onshore petroleum development as well as other 
energy activities (Zhao 2001). 
When economic growth began to take grip, the Ministry of Energy was founded in 
1988 as an attempt to centralise energy issues within one institution. Yet, it has never been 
well integrated with much more powerful State Planning Commission. Following internal 
competition and dissension, it was disbanded less than five years later in 1993 (Cunningham 
2015).  
The environmental consequences of previous energy policy were already visible and 
the Party had to react. In 1984 the new agency was established — National Agency for 
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Environmental Protection (NEPA), coordinating activities related to the environment among 
ministries. Several regulations were established, attempting to reduce and prevent pollution. 
In 1989, the Law of Environmental Protection was adopted, regulating environmental 
protection and pollution prevention amongst other things (Ferreira et al. 2016). 
While private companies started to emerge at the end of the XXth century, the energy 
sector remained to be controlled by the government. In order to increase competitiveness in 
the energy sector, the State allowed the establishment of new energy corporations, though 
under State control. The corporations were given a certain level of independence in some 
decision areas such as production, salary and personnel management. But the main decisions 
were directly influenced by central government (Zhao 2001). 
Price reform 
Before the 1980s, the Chinese government was setting the price for energy, usually at 
a very low level. The Contract Responsibility System was established, enabling companies to 
sell their production above the government quota on the free market. As prices on the free 
market were higher, this policy aimed to encourage companies to increase their production. 
Yet, such policy focused on quantity instead of quality and cost reduction. For instance, 
historically, gas prices were set low as a way of subsidising fertilisers and industrial 
production. Low prices offered little incentive for exploration and development of new gas 
fields (Zhao 2001). This is one of the reasons why gas still accounts for a very small portion 
of China’s energy system.  
In order to create additional incentives for the companies, peak load pricing began to 
be introduced in some areas in 1987, differentiating the costs during dry and rainy seasons. 
Yet, the multiple-tier pricing system at the time was very confusing, and easily misunderstood 
(Zhao 2001).  
Energy efficiency 
Due to the energy shortages, from the 1980s many energy efficiency programs and 
Institutions were created, aimed at reducing energy demand. In addition to the newly formed 
Office of Energy Conservation (founded within the State Council), many energy conservation 
technology centres started functioning to provide consultation for energy savings in industrial 
sector (Zhao 2001).  
The Sixth Five-Year Plan (1981-1985) prioritised energy efficiency and provided a 
funding for such purpose (China Internet Information Center 1981): 
3) To vigorously cut down material consumption, particularly that of energy, 
and keep production in line with the availability of resources. 
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4) To encourage and implement enterprise technological updating, with energy 
saving as a priority, and to gather the capital necessary to strengthen the 
construction of key projects energy and communications in preparation for the 
7th Five-Year Plan. 
Launched in 1980, the energy efficiency programme is still in place, with a fluctuating 
budget. It covers the subject from different areas: R&D, work with energy intensive 
industries, incentives to use energy efficient technologies, issuing the standards, using the 
system of penalties and rewards and many other tools. A total of RMB 28 billion (USD 4.4 
billion) was invested, which resulted in an energy saving equal to 66 million tons of coal 
equivalent by 1990, based on 1980 levels (Yang et al 1995). 
Central—local relationship 
The relationship between central and local administrations has changed through the 
sharing of power and benefits. Prior to the reforms, local governments had to transfer a major 
part of their revenue to the central government. In 1980, the central government established 
quotas for the required transfers (Zweig 2017). This gave partial financial autonomy to the 
provinces and enabled the financing of projects according to their interests and needs. By 
1987, regional governments had gained more power and could already ratify projects of up to 
50 million yuan ($US 5.5 million) in the energy sector (Zhao 2001).  
Local governments were not eager to invest in energy projects, as they are more 
capital intensive long term investment. Instead they were relying on central government 
funding for energy projects. However, as a result of such decentralisation policy, the revenue 
flow to the central budget decreased and this weakened the government's ability to invest in 
energy projects. Yet, while the major projects were still controlled by State run entities, 
medium and small projects could be under the control of local government or even private 
individuals and collectives (Shen 2017). 
Reassertion of central government control from 1993 to 1998 
In 1992, the political triumph of Deng Xiaoping over the conservatives let to the 
second wave of economic reforms to develop a ‘socialist market economy’’ (Meidan, 
Andrews-Speed, and Xin 2009). The earlier phase of reforms was directed at government 
functions and structures, as well as at financial, fiscal and market factors. The second phase 
involved a radical restructuring and commercialisation of SOEs, as well as the continuation of 
elements from the earlier phase. As a result of the reforms, many SOEs started to accept a 




The sustenance of economic growth required more energy supply. Starting from 1993, 
China went from being a net oil exporter to being a net oil importer (Meidan et al. 2009). 
Consequently, the government decided to reform the electricity sector and attract more private 
investment. Thus, the power plants which came into operation after 1992 were allowed to set 
their prices based on a formula for return on investment. The price of coal was allowed to 
flow according to the market level in some provinces. 
The government had difficulties to ensure an efficient energy project management and 
control over investments. In 1993 the Ministry of Energy was abolished and the State 
Economic and Trade Commission (SETC) and the State Planning Commission (SDPC) 
regained coordination and regulatory functions to become the most influential bureaucratic 
bodies in the energy sector. Moreover, many other government agencies have been founded 
with no clear distribution of duties thereby reducing the coordination efficiency of the sector 
(Lin and Purra 2012).  
Regarding energy efficiency policy, the government reduced the funding compared 
with 1980, but this policy area remained of high priority. The policy shifted from direct 
intervention to the regulation of the sector and a more market-oriented model. The most 
important energy conservation policy in the 1990s was the Energy Conservation Law (ECL) 
that was approved on November 1, 1997 and came into force on January 1, 1998 (Zhao 2001). 
It promotes energy conservation activities throughout society; increases the economic benefits 
from energy efficiency measures, guided by market-oriented incentives. The centres of energy 
conservation and preferential loans for energy efficiency programmes turned out to be 
effective and innovative tools in order to reduce the expected energy demand (Ferreira 2017).  
By the 1990s, environmental problems in China such as air and water pollution, were 
already quite serious. The majority of emissions were from coal use and increase of electricity 
consumption, provoked by the emergence of many mega cities. As the concerns within the 
government were growing, in March 1994, China’s State Council approved Sustainable 
Energy Programmes under Agenda 21. In the Ninth Five-Year Plan (1996-2000) China 
initiated several national programmes to deal with this problem. Moreover, the government 
introduced the punishment by fine for the existence of environmental damage in certain 
activities and actions (Ferreira et al. 2016). 
In 1990, China slowly started to diversify its energy matrix going from coal to 
renewables, gas and nuclear power. Moreover, the policy changed from self-reliance to one of 
aggressively seeking oil and gas supplies abroad. Facing economic, environmental and 
political challenges, the electricity sector urged for new reforms. 
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More market-oriented management, 2002 to Present 
Hu Jintao became the Communist Party chief in 2002 and started reforms of the 
current government’s structure, including the energy sector. In 2003, the State Development 
Planning Commission (SDPC) became the National Development and Reform Commission 
(NDRC) and the Energy Bureau was created, followed by the Leading Group on energy with 
its own State Energy office (Zhao 2001). Moreover, consultations with research institutions 
and with think thanks became more common. These are very important actors which provide 
research studies to support policy decisions. Most notable are the following think tanks: the 
Development Research Centre of the State Council and the NDRC Energy Research Institute 
(Meidan et al. 2009).  
The year 2002 was also marked by a switch to the “Going Out” policy in China. The 
new policy prioritises foreign direct investments in certain sectors (including the energy 
sector) and supplies these companies with favourable funding for international projects 
(Zweig 2017). Energy and infrastructure projects have become a considerable part of the SOE 
investments abroad.  
The 1990s weakened the influence of SOEs with large-scale privatisation of smaller 
publicly-owned enterprises. Hu Jintao’s government reintroduced state control in some sectors 
of the economy, including the energy sector. The State Council established the State-owned 
Assets Supervision and Administrative Commission (SASAC). By 2003 the SASAC owned, 
approximately, 196 companies, mainly within monopolies sectors such as 
telecommunications, infrastructure and energy companies (Zweig 2017). Moreover, the new 
model of the energy sector attempted to separate government policymaking from the 
production process. Thus, energy corporations gained more decision-making authority in 
terms of production planning and management. In the electricity sector the major corporations 
are: State Power Huaneng Group, China National Power Industry Corp. and Regional electric 
power corporations.  
In 2004, government announced the priority of sustainable energy use. Thus, NDRC 
issued the ‘Medium and Long Term Energy Conservation Plan’ that put energy conservation 
and efficiency at the heart of energy policy, setting targets for energy intensive industries 
(Meidan et al. 2009). The new model shifted the driving forces from supply to demand 
control, followed by efficiency.  
Despite very advanced regulations in terms of environmental policy at the time, 
pollution continued to get worse together with other environmental conditions. In 2000, the 
Air Pollution Control Law was approved, promoting the switch from household fuels to 
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district heating schemes, amongst others measures. Moreover, many small coal mines were 
closed down due to environmental regulation enforcement and economic unviability (Ferreira 
et al. 2016). Pollution provoked by the intensive use of coal is the result not only of the 
extensive national coal reserves. Luiz Vieira (2017) argues that the explanation should be 
searched in the position which the country occupies in international division of labour. Based 
on its open policy, the country became a world factory, while cheap coal prices guaranteed its 
competitiveness in the global market. Consequently, this strategy guaranteed China a 
privileged position in the global competitive market (Vieira 2017).  
The reformation of electric power system 
By 2015, the Chinese electric power sector faced many challenges, such as distorted 
pricing mechanisms, inefficiency of RES and so on. Thus, the Chinese government attempted 
once more to restructure the power sector. The document named “Relative Policies on 
deepening the reforms of Power industry" was issued by State Council in 2015. From then on, 
transactions prices replaced the on-grid prices and are to be decided between generation plants 
and users, giving the power to the market to define the price instead of NDRC as it was 
before. Only users with a high annual consumption can participate, or many small users can 
be united and represented by a retailer. Thus, from then on consumers could decide to buy the 
electricity from retailers or according to the former pricing mechanism, which is usually the 
cheaper option (Pingkuo and Zhongfu 2016; Zeng et al. 2016).  
The power planning mechanism was also changed in order to prioritise the dispatching 
of renewables and the combination between renewables and other resources. Local 
governments were required to enhance renewable energy generation and to prioritise local 
renewable energy consumption. The management of the demand side should be done based on 
the best RES generation hours. For example, wind power in inner Mongolia is high between 
19-21 p.m., so the industries are encouraged to increase their production during this period 
(Zeng et al. 2016). 
During the past decade, the Chinese electricity system experienced a gradual 
separation between the government and electricity sector. The 10th FYP guided further 
reforms of the power management system, gradually allowing power plants and grids to 
operate separately. The reforms created a platform for institutions to bid for power supply 
projects, and established an improved electricity price system (Wang 2016). 
2.4: The emergence of the renewable energy sector in China 
As in many other developing countries, the Chinese rural sector which still accounts 
for about 50% of Chinese population is using biomass as its main source of power and it is not 
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reflected in statistical data. Hydro power is the second largest source of power supply and has 
been explored for many years, while wind and solar entered the electricity matrix only 
recently. At the beginning of Chinese renewable energy development, wind energy was 
identified as a priority for government support, due to its economic and technical advantages. 
Grid-connected plants began to be built in the 1980s with installed capacity reaching 4.2 GW 
in 1989 (Spratt et al. 2014). Interestingly, in Brazil the total installed wind capacity in 2014 
was almost equal to the Chinese capacity in 1989, reaching 4.8 GW (EPE, 2015b).  
The development of the wind sector started with relatively small scale demonstration 
projects, largely financed by foreign investors, using foreign technology. After proving the 
efficiency of the technology, both central and local governments started actively promoting 
the development of industry and energy projects. The boom in wind energy started in 2004 
when the central government implemented wind power concession auctions and further 
introduced feed in tariffs (FIT), mainly inspired by German policies (Spratt et al. 2014). 
While wind energy production was growing, manufacturing also emerged. By 2009, 
there were already 43 domestic wind turbine manufactures and 200 companies manufacturing 
turbine components (Spratt et al. 2014).  
“Envision - our biggest competitor - they were nobody when I came to China 
10 years ago and now they are one of the biggest players in China and 
worldwide. Which other country do you know where it is possible to establish 
this kind of company in only 5 years, while in Denmark it took 25 years?!” 
(Furtado 2016). 
Despite the fact that renewable energy has a long history in China, an intensive 
deployment of solar and wind technologies started in the 2000s. Similarly to Brazil, China had 
been experiencing widespread fuel shortages and blackouts by the end of 2002, challenging 
the growing economy (Meidan et al. 2009). The importation of oil from the Central Asia and 
Middle East regions was rising together with the increasing dependence on fuel supply from 
unstable areas. Around 2006, 50% of all of China's energy imports were actually used to 
manufacture goods for foreign firms that were then exported abroad (Zweig 2017). 
Nationally, with the growing number of coal plants, the environmental situation was 
beginning to produce disastrous consequences and pollution started to spread all over China 
and other countries. The global community started pressuring China to deal with the 
environmental problems which would impact other countries as well. Moreover, the 
increasing pollution represented a political challenge for the ruling Communist Party with 
national and international pressure. 
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Besides, as was discussed in the first chapter, wind and solar technology was already 
widespread in developed countries by 2005: the cost was decreasing, while the demand for 
solar and wind power was escalating rapidly. The global trade was one of the most important 
reasons for boosting the Chinese PV sector, while for wind energy the demand came mainly 
from the national market to diversify electricity mix. Additionally, the export of solar goods 
was in consonance with the policy to transfer the emphasis from the pollution intensive 
manufacture of low value-added products, scaling-up towards high value-added renewable 
energy equipment and other low-carbon technologies (Zhang, Andrews-Speed, and Ji 2014). 
Therefore, the central government identified the PV industry as a key element in this strategy 
and included solar panels in the Catalogue of Chinese High-Technology Products for Export 
(2006), commercialising them at preferential rates (Souza and Cavalcante 2016).  
The “Renewable Energy Law” played a decisive role in national renewable energy 
growth. That law brought the exploitation and use of renewable energy to the level of a 
national priority. It offered a variety of financial incentives, such as national fund subsidies, 
discounted loans, tax preferences, and a requirement that power grid operators purchase 
resources from registered renewable energy producers. In 2009 due to problems which 
occurred with the application of the law, changes were made. Mainly, these clarified divisions 
between the roles of provincial and central governments in renewable energy planning, cost 
sharing of grid connection and others issues (Ali et al. 2017; Huo and Zhang 2012). 
Following the Renewable Energy law, a Medium and Long-term Renewable Energy 
Development Plan was promulgated in 2007 by the National Development and Reform 
Commission (NDRC). It was the first plan to take up renewable energy development as a key 
strategic measure to attain China’s goal of establishing an environmentally friendly society 
and sustainable development. The 12th FYP (2011–2015) maintained support for renewables 
through general guidelines for sustainable growth strategy. More detailed, the 12th FYP for 
energy development set more specific targets, such as the increase of non-fossil-fuel energy to 
15% of primary energy consumption by 2020 (Ali et al. 2017). Yet, the plan also drew 
attention to the promotion of domestic renewable energy use and deployment of distributed 
generation. Moreover, it set a series of tools to achieve these objectives, such as renewable 
power tariffs, fiscal incentives, etc.  
According to the definition from renewable energy law, the term “new energy” 
encompasses nuclear, solar, wind, biomass and geothermal energy, and can be used 
interchangeably with the term “non-fossil fuels” (非化石燃料). “Renewable energy” (可再生
能源) includes wind, solar, hydropower, biomass, geothermal and ocean energy (Lee 2012). 
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Thus, the term “non-fossil fuels” is used, it doesn’t mean only renewable energy, it also 
includes nuclear energy and large hydropower, depending on definition.  
As of today, the Chinese electricity mix continues to be based on coal energy with 
renewables, gas and nuclear gaining gradually their places in the energy matrix. The 13th Five 
Year Energy Development Plan established, for the first time, a mandatory target for 
decreasing the share of coal in total energy consumption to 58% by 2020 (NDRC 2016). The 
increasing share of other resources enables the reduction of coal use and thus favours the 
development of renewables. However, in percentage of total power generation, solar and wind 
still represent a small part. While wind energy has already achieved 4%, solar energy accounts 
for only 1%, similar to Brazilian rates.  
Figure 17: China’s power generation mix in 2016  
 
Source: (Lin 2017) 
 
The emergence of solar energy — Rural electrification 
Similarly to Brazil, national solar energy development in China started with the remote 
rural areas. Wind energy also was presented in the projects of rural electrification, yet PV 
technology represented a unique opportunity to provide energy on a small scale with 
minimum infrastructure required. In 1996 the government together with international funds 
initiated the Brightness Program in order to provide electricity to remote rural areas. Many 
provinces such as Tibet, Qinghai, Xinjiang and Inner Mongolia among others were covered by 
the programme with millions of people getting access to electricity (NREL 2005). 
Although 97% of Chinese households had access to electricity already by 2001, there 
were still 3% of households without energy, representing over 30 million people. As a result 
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of a more global deployment of PV technology and a decrease in costs, the Chinese 
government launched the China Township Electrification Programme providing the electricity 
to 1,000 townships in 9 western provinces, through a bidding system (NREL 2005). By the 
end of 2005, China still had 2.7 million families or 12 million people without electricity. 
Thus, the government launched more social programmes tackling the same problem in the 
remote areas. Solar Roof Programme started in March 2009 and provided subsidies of CNY 
15/W for rooftop systems and CNY 20/W for building integrated systems. Later in July 2009 
the Golden Sun Demonstration Programme initiated giving 50% of the total cost of on-grid 
systems and 70% of off-grid systems (X. Tan et al. 2013; S. Zhang and He 2013). 
Figure 18. PV plant of 560Wp and 200W of wind turbines in Guligutai village，Inner-
Mongolia, 1982. 
 
Source: (Wang 2016) 
By the end of 2012, around 2 million people were still left without electricity and the 
government announced the programme “3-year Final-Fight”, announcing that by the end of 
2015 there would no more Chinese villages without electricity. Yet, it is evidently impossible 
to provide the electricity to everyone, and the electrification of areas depends largely on how 
statistics are produced, as the transmission lines could come to the nearest household in the 
village, but it doesn’t mean that the whole village would have electricity (S. Wang 2016). 
The rural electrification programmes lasted for 35 years (1980-2015), financed at the 
beginning mainly by the central government with support from developed countries (such as 
USA and Germany) and international organisations, such as the World Bank. For example, in 
Figure 19, it is possible to see some photos from the project of 500 Distributed Generation 
(DG) systems and 10 MW PV of centralised systems in north western China financed by 
Global Environment Facility grant (USD27 million), World Bank and Chinese Counterpart 
Fund (USD150 million). During the period of the project’s existence from 2001 to 2008 
82 
 
around 400,000 systems were sold, providing the electricity to 2 million people and replacing 
the kerosene and candle use (Rogner 2013; Wang 2016). 
Figure 19. Solar energy projects in north western China. 
   
Source: (Wang 2016) 
The challenges of rural electrification were similar to the Brazilian experience 
highlighted in the work of Rosa (2007), mainly regarding the sustainability of PV projects. 
For example, after the implementation of the projects, the trained professional might leave the 
villages for big cities and there was nobody who could repair the system. Moreover, in the 
Chinese example, the collected tariffs were not enough to cover battery replacement after 5-8 
years and the project developer couldn’t provide aftersales support without the allocation of 
additional subsidies (S. Wang 2016). Thus, the question arises: how many projects installed at 
that time are still functioning, providing electricity to remote areas? 
The start of domestic manufacturing 
Starting from 1987, the Chinese government showed its interest in solar energy, for 
instance, providing a special interest-free loan to promote the development of solar energy 
and other renewables. The first national PV panel factory was established in 1998, but the 
solar sector wasn’t considered a commercially attractive industry. The first small amount of 
Chinese made panels that made their way to the international market were of poor quality, 
creating a bad initial reputation for Chinese PV products (W. Zhang and White 2016).  
The incentives in many developed countries encouraged Chinese manufactures to start 
local production. Moreover, the accession of China to the World Trade Organisation in 2001 
accelerated the flow of Foreign Direct Investments (FDI) in the energy field and facilitated the 
transfer of key technologies. Siemens Solar, Sayo, Sharp, SEC, among other international 
companies, promptly grasped the business opportunity and started manufacturing solar panels 
in Chinese territory—and the volume of capital flows grew to such an extent that, in 2009, 
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China had attracted about one third of the global FDI in the PV industry (Souza and 
Cavalcante 2016). 
Many factors contributed to Chinese advantages in becoming a world manufacturing 
hub for solar: low cost of energy and labour, local incentives, easy access to finance, etc. The 
financial accessibility was of great importance for the sector, as at the beginning most of the 
materials and equipment had to be imported. Initially, only four SOE, backed with 
government funding, were able to import expensive equipment and invest in solar cell 
production (Spratt et al. 2014). Later, when in the 1990s the private sector fully emerged, 
many entrepreneurs started to consider PV manufacturing a promising business, observing 
trends in developed countries. Several local governments also envisioned the PV industry as a 
promising sector to provide high-tech jobs and economic growth, as illustrated by the Suntech 
example (Yi 2013) .  
 
Private company emergence in China  
Suntech  
The first private company to make solar cells in China and the first to be listed on the 
New York Stock Exchange, Suntech, raised USD 520 million in the biggest tech float of 
2005. The founder of Suntech is Chinese-born Shi Zhengrong, who moved to Australia to get 
his PhD in solar energy and then came back to open a company in Wuxi province. He had 
pitched his idea to other provinces, but only the Wuxi government agreed to support him. The 
local government didn’t provide him with any direct help, but conducted the intermediation to 
gather investments from local SOEs. The new funding also helped him attract specialists from 
different countries. The financial and human resources enabled him to found Suntech in 2001 
and launch his own cell production line in 2002. Being the first Chinese company in foreign 
markets, Suntech succeeded in exporting PV panels from 2003. Forecasting the increasing 
demand, Shi got additional funding from the SOEs and expanded Suntech's production 
capacity. This enabled the company to respond to the increasing demand in 2004 and to get an 
important share of global market. However, due to unfortunate company investments, Suntech 
went bankrupt in 2013 and was acquired by another Chinese company – Shunfeng. 
Trina  
Jifan Gao founded Trina in 1997 just after the ratification of the Kyoto Protocol. Being 
a successful entrepreneur in the detergent business, he lacked knowledge in the solar sector. 
Thus, he started out focusing on energy-efficient building materials and later in 1999 he 
created a solar energy research centre. The development of a prototype of off-grid household 
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solar power system brought him to the expert group to draft the National Technology 
Standards for Off-Grid Solar PV Systems and later government contracts under the Brightness 
Programme. He managed to attract Diming Qiu, Deputy Manager and Principal Engineer of 
Yunnan Semiconductor, one of the oldest SOE solar PV firms. This brought him further 
credibility and expertise, enabling him to launch Trina's first PV module production line in 
2004. Today, the company remains one of the largest PV manufactures in the world.  
Yingli 
Liansheng Miao was a successful entrepreneur in industries unrelated to solar energy, 
but believed that solar energy had great potential. He invested his own financial resources and 
founded Yingli in 1998. Later, Miao together with his new team convinced the Baoding 
government to make an equity investment (cash and land) enabling him to attract good 
specialists and eventually produce his first modules in 2002. 
These three examples show how the emergence of solar industries in China came 
mainly from private companies, with little support from government at the beginning. 
However, relationship (Guanxi 关系) with the government and with SOE enabled companies 
the access to funding to expand the capacity of the factory, eventually reducing the prices of 
PV panels and producing a timely response to the growing global demand for solar goods. 
Year 2004 was an important year for Chinese solar growth, as Germany's Renewable 
Amendment to the Energy Resources Act of July 2004 increased FIT tariffs that consequently 
triggered growth in demand. Many other countries adopted a similar policy, while world solar 
industry could not respond to the increasing demand. This rapidly provoked under-capacity in 
global supply. Prior to 2004, there were few players in the Chinese solar market, as domestic 
demand was fuelled only by government funded programs and depended on their continuity, 
while the international market was dominated by multinational companies with leading 
technology. Yet the new demand generated by Germany and other countries, together with 
Suntech’s success at export and building of legitimacy for Chinese products attracted new 
companies to join the sector.  
2.5: Cooperation between China and Brazil in the energy sector 
The bilateral relationship between China and Brazil officially were established in 
1974
12
, yet in the energy sector the relationship has intensified rapidly only over the past 
decade. Between 2005 and 2015, the Brazilian energy sector absorbed USD 27.850 billion in 
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investments from China, mostly in the fossil fuel and power transmission sectors (Heritage 
Foundation 2016). After oil reserves were discovered, Chinese investments increased 
drastically in the Brazilian electricity sector. They surpassed the investments in other strategic 
countries, such as Russia, Indonesia and India which before 2009 were leading the flow of 
investments (Figure 20).  
Figure 20. Cumulative Chinese energy investments in the key partner countries, 2005-2012 
 
Source: (Ramos 2014) 
The main sectors of Chinese investments are hydroelectricity, oil and gas, and the 
transmission sector. The biofuel sector also started to become an important platform for 
cooperation, as the Chinese Company Biostar acquired 80% of Brazilian biofuel producer 
Biopar. Moreover, in the framework of high-level Sino-Brazilian commission work
13
, 
cooperation on technology transfers in the biofuel sector was discussed at the governmental 
level jointly with universities and the private sector (Martins 2017).  
The largest amount of investment in the energy sector were made in 2009 when the 
China Development Bank (CDB) made bilateral loans of USD 10 billion to Petrobras for 10 
years ‘to finance PETROBRAS’ investment plan, which included goods and services bought 
from China’ (Petrobras 2009). Regarding the transmission sector, in 2010 the State Grid 
Corporation of China (State Grid) acquired seven Brazilian companies, mainly in the 
transmission sector, thus providing significant potential for operational learning and 
technology transfer in Brazil’s energy sector (OECD/IEA, 2013). These and other energy 
                                                 
13
 High-level Sino-Brazilian Commission for Concertation and Cooperation (Cosban) - was established 
in May 2004 and up to 2017, four meetings have been held regarding science and technology issues. 
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related deals created a strong interdependence between the countries in the energy sector. The 
Chinese government is preparing to increase fossil fuel demand and Brazil is expected to 
become one of the major oil producers. Yet, investments in the energy sector are mainly 
unilateral: while China is actively investing in the Brazilian market, there are no relevant 
investments by Brazilian energy companies in China.  
In the wind sector, the Sino-Brazilian relationship is built mainly on a commercial 
basis. Early cooperation between the countries had already met some challenges with 
questions of Intellectual Property Rights and limited channels of technology transfer. As 
discussed by Gandenberger et al. (2015), while in China a variety of transfer channels are 
used, such as licensing and joint ventures, in Brazil the transfer is limited between 
multinational companies and their subsidiaries.  
With the recent emergence of the solar energy market in Brazil, cooperation with 
China has only started. However, the relationship between the countries is already becoming 
close, especially in the PV sector. The majority of panels are imported from China and with 
recent governmental auctions for solar energy, many Chinese manufacturers are already 
considering establishing production in Brazil. The start of investment flows in solar energy 
was signalled by the Chinese industrial group BYD, announcing investments of USD 50 
million to set up a PV manufacturing facility in Campinas and USD 100 million for electric 
vehicles production, which will be described in more details in the third chapter. 
2.6: Conclusions and comparisons 
The electricity sector development process demonstrates many similarities and 
differences between the two countries, that are important to consider in further policy 
analyses. The observed difference in renewable energy outcomes is partly explained by 
variation in State–business relations in Brazil and China, also highlighted in the work of 
Hochstetler and Kostka (2015). Brazil’s public–private partnership model and China’s state 
corporatist model are different approaches to aligning interests between the State and market 
players. This model could be traced throughout the formation of the electricity sectors in both 
countries. Moreover, as was highlighted by Vieira (2017), the electricity development 
trajectories demonstrated that both governments launched the subsidies policies to support 
renewable energy technology, viewing the sector as the possibility to unite energy security 
and sustainable development (L. Vieira 2017).  
Brazil and China in the XXth century were both peripheral countries and suffered the 
penetration of foreign capital. While China was resisting this penetration, fragmenting and 
rejecting globalisation, Brazil has been integrated since its beginning in the global market 
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processes. This integration brought foreign companies with new investments and technology, 
together with increased dependence on private companies regarding the strategically 
important sector of energy. The oil crises greatly impacted Brazil but opened opportunities for 
innovation and new technology development, focusing on biofuel.  
In China the policy of openness in the 1980s started by Deng demonstrated its 
advantages for economic development, but was challenging for the electricity sector. With the 
economic boom, energy demand increased and the dependence on coal and fuel imports grew. 
With this, the environmental conditions degraded faster and the communist party was 
pressured by international and national communities to change its energy policy mainly in 
relation to the economic factors. The foreign demand for solar energy came at the same time 
as the private companies were emerging and solar energy was one of the attractive sectors to 
explore. Consequently, in both countries' historical paths, the emergence of renewable energy 
is tightly related to the global market.  
The Chinese energy sector is characterised mostly by the relationship "central – local 
power transfer", whereas in Brazil the control of the electricity sector alternates between 
"private-public" sectors. In the Chinese case, the power was centralised with the establishment 
of the communist party and in 1980 power was partially transferred from central to local level, 
thus governors started having more financial and decision making freedom in energy projects. 
The establishment of a central — local relationship in the energy sector opened a window of 
opportunity for companies to enter the energy sector with small projects. While for the 
development of the PV industry, the power allocated by the central government to the local 
level opened the possibility to provide ad hoc support for industry, increasing its 
competitiveness on the international market.  
 In Brazil, initially the sector was led by private companies and then government 
nationalised the sector, taking over the control in 1964 with the beginning of military regime. 
With the 1980s crises, the sector was privatised where the government took the role of 
regulator. With Lula's government it regained the power over private companies and with the 
impeachment of Dilma Rousseff the discussions over the privatisation of Eletrobras were re-
initiated. Up to 1970, the electricity sector had limited investments in R&D activities, because 
of the dominance of the private sector which didn't have any motivations to develop research. 
This explains a certain delay in technological investments and capacity expansion, translated 
later into the power crises.  
The year of 1978 was an important year for both countries, as Brazil initiated its re-
democratisation and China as well opened its market. Thus, they both started the process of 
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economic and political liberalisation. However, the same process of liberalisation took both 
countries into different directions regarding solar energy policy. Environmental problems 
were crucial to shape the Chinese electricity sector. The annual aggravation of environmental 
conditions pushed the government to change its vision of the electricity system. Brazil, on the 
other hand, enjoyed the position of important player in the climate change arena, since most of 
its electricity comes from hydro. The environmental problem was not a priority for the 
country, while cheap and secure sources of power supply were a priority. Through many years 
the Brazilian government prioritised conventional energy sources such as hydro and thermal 
power. With the discovery of the pre-salt oil reserves, the government's attention pivoted to 
the exploration of the oil reserves rather than continuing its support to biofuel or investing in 
solar energy.  
The global context of green technology development impacted both Chinese and 
Brazilian energy policies. China was first to react to technology improvements and global 
demand growth, perceiving the economic and environmental advantages of PV technology. 
While wind technology was boosted by the demand for diversification of the national 
electricity matrix, the solar sector grew due to market demand from developed countries. 
Brazil, on the other hand, enjoyed the fruits of Chinese integration into the green technology 
market, which provoked further cost decreases. The strong positions in climate change 
negotiations and the fear of losing its leadership position influenced the government’s 
decision to adopt an emission reduction target and a policy of electricity matrix 
diversification. Yet, the government implemented the incentives policy for solar and wind 
only after this technology became widely spread and the prices were lowered. 
The cooperation between both countries in solar energy is inevitable, as China is a 
leader in PV sector and Brazil actively invests in the sector’s growth. China is already Brazil’s 
first trading partner and is actively investing in the energy sector. Yet, as we can see, the 
technology transfer channels are not well developed and could limit the cooperation to a 
commercial relationship. Both countries have adopted unilateral targets for the mitigation of 
CO2 emissions. In the case of Brazil it concerns mainly deforestation of the Amazon forest 
and the emissions from the energy sector attract less attention. Yet, as many studies have 
shown, emissions from the energy sector are growing and in the coming years could reach the 
same amount as those caused by deforestation (Pacheco and Lamberts 2013; Viola and Basso 
2015).  
Regarding the electricity mix, solar and wind sources occupy a small share in total 
power generation in both China and Brazil. Despite the fact that China became a world leader 
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in PV installed capacity, it still accounts for only 1 % of total generated power, while in Brazil 
solar hasn't achieved even 1%. Wind energy has a similar share of 4% in China and 5% in 
Brazil. Both countries are at the beginning of the process of electricity mix transformation, 
viewing diversification as an important measure in sustainable development. 
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Chapter 3: Solar energy development in Brazil 
This chapter introduces the empirical part of the thesis, providing background 
information on the development of solar energy in Brazil. The timeframe for this chapter 
covers mostly the last five years of PV development, from 2012 to 2017. This context 
knowledge is crucial for the subsequent comparative analysis of Chinese and Brazilian solar 
energy development. As outlined in the previous chapter, the solar sector is new and in 
constant formation stage. The chapter begins with a comprehensive description of the main 
actors in the sector, describing the role of each institution in the decision making process. The 
following subchapters present the three main categories of solar energy sector: policy, market 
and society. What are the incentives at the governmental level? How has the market 
responded to national and global trends and what role did society play in sector formation? All 
these questions will be raised in the next Chapter.  
Chapter 4 will present Chinese solar energy development, using the same framework. 
Although, the structure tends to be similar in the two countries, due to differences in the sector 
or in terms of available information, some sections appear in the chapter on Brazil and not in 
the chapter on China and vice-versa.  
 
3.1: Main actors of the solar energy sectors 
This section will present the interconnection between the main actors of the public and 
private sectors, as well as within civil society, which influence the development of solar 
energy in Brazil. The basic structure of the energy sector was formed during the presidency of 
Fernando Henrique Cardoso (1995 - 2003) and the core part remained the same to date, with 
some modifications. Figure 21 maps these main actors, illustrating the hierarchy between 
institutions in the solar electricity sector.  
The National Congress of Brazil is the legislative body composed of the Federal 
Senate and the Chamber of Deputies. As of 2016, bills could be submitted by deputies, 
senators, citizens
14
 or by the government, and after voting and the President’s approval, they 
were passed on to the Ministry of Mines and Energy for further regulation and 
implementation. Brazil is a federation composed of 26 States and one federal district, which 
are represented at the National Congress. The state and municipal governments are important 
for local development of solar energy and the next section will cover this topic in more detail.  
                                                 
14
 Through the portal of e-cidadania the citizens could promote the ideas and propose the new law or 
modifications in the existent laws. 
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The states interact with the Ministry of Mines and Energy (MME) through the 
National Forum of state Energy Secretaries. The Forum serves as a platform to promote 
debates about energy issues and dialogue between federal and local governments, as well as 
the private sector and civil society (Governo do Estado de SP 2016). State governments are 
interconnected with the Presidency and the Congress, and the ministers of energy from each 
states also have a seat at the CNPE. 
The Council for National Energy Policies (CNPE) is an inter-ministerial body which 
formulates and negotiates policy measures between different organisations involved in the 
energy policy process (Law 9478, 6 of August 1997). The Council comprises not only of 
federal and local governments, but also of representatives from the Civil Society and of 
Senators (Campos 2017). The Minister of Mines and Energy (MME) chairs the council, 
conducts the meetings and sets the agenda. MME also drafts laws and sends them to the Civil 
Cabinet, which later analyses if the changes in the legislation are needed (Trein 2017). 
Generally, the MME regulates the energy sector through regulatory ordinances and normative 
ruling. Regarding the solar energy sector, the Congress and the President have power to 
design the incentive policy, as was done for wind energy with the PROINFA programme 





Figure 21. Brazilian energetic sector – interconnections between main actors and 
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Another important actor in policy formulation is the Energy Research Enterprise 
(Empresa de Pesquisa Energética – EPE). It is an institution linked to the MME, whose main 
responsibilities include: a) providing studies and research for the long term planning of the 
energetic sector; b) preparing the National, Decennial and long term energy plans; c) 
obtaining the necessary environmental licenses for the new large hydropower plants; d) 
organising public auctions for energy, selecting the projects. EPE is an important institution 
for the solar energy sector, as its planning proposals are used for policy formulation by the 
MME and affect further contracting capacity.  
The National Agency of Electric Energy (ANEEL) – regulatory agency, created in 
1996 to regulate the energy sector (Furtado 2015; Leite 2007). For solar energy, especially for 
the distributed generation segment, this is an agency of high importance, as it issues the net-
metering regulations (Resolution 482 and 687). Generally, ANEEL introduces regulations as a 
response to more general guidelines from MME to promote DG.  
The distribution companies buy electric energy through auctions which are regulated 
by ANEEL and executed by the Chamber of Commercialization of Electric Energy 
(CCEE). The latter was founded in 2004 as a non-profit civil association, maintained by 
companies which buy and sell energy in Brazil. Thus, the role of CCEE is to strengthen the 
trading environment through rules and mechanisms that promote solid and fair business 
relationships for all segments (generation, distribution, trading and consumption). It 
administrates the free and the regulated markets.  
The agents of the electric power sector are the companies that buy and sell energy, 
transmission line companies, and financial institutions. The federal (BNDES, BB, Caixa) or 
regional development banks (Banco do Nordeste, BRDE, BASA and etc.) usually finance the 
projects which won the auctions and their financial policies are of great importance for project 
viability.  
Eletrobras is a state-owned energy holding and also an agent of the power sector. It is 
an important player in the electricity sector, and is responsible for 31% (46,856 MW) of the 
installed generation capacity in Brazil (Eletrobras 2017). However, in the solar energy sector 
it has yet to take an important role. In recent years the company actively invested in wind 
projects, but had few investments in solar projects (mostly in R&D projects, not commercial). 
Petrobras also financed some of the projects in the solar energy sector and might become 
important actor from a financial perspective. Another potentially important player is the 
National Electric System Operator (ONS) is the agent responsible for operating, supervising 
and controlling the electric generation in the National Integrated System (SIN) and under 
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supervision of ANEEL. Yet, as the share of centralised PV projects is small (0.27%), ONS is 
not concerned with this sector.  
Society encompasses associations, confederation of industries, commerce, 
municipalities, transport; NGOs/ Movements/Institutes; the Industry and Commerce sectors 
(including PV industry and integrators); Individual urban and rural Consumers; Universities, 
research centres, think tanks and others. The Society possesses a relationship with all the 
actors, yet they impact public policy mainly through Congress where they present the 
proposals for legislative modifications (Campos 2017; Mathya 2017). Normally society is 
organised in the form of associations or movements, thus having more power to affect the 
policy making process. For instance, the movement “Energia para vida”(Energy for life) 
conducts different campaigns to raise awareness about the consequences of fossil fuels and 
aims to promote changes in the legal framework. 
Moreover, ANEEL and MME have public hearings, in which every organisation or 
individual can express their opinions. This is a transparent process with many people voicing 
their concerns and proposing new ideas. For instance, at the public hearings regarding the 
transformation of the electric sector in 2017 there were 6,000 pages of contributions from the 
society (Campos 2017). The agencies analyse the contributions and present the results in the 
next public hearings explaining the integration of some ideas and impossibilities of realisation 
of others.  
Private companies and universities, which are also a part of society, succeeded to 
organise themselves in recent years in the form of solar energy associations. The first to 
emerge were ABENS and ABSOLAR covering the private and academic sectors:  
- The Brazilian Association of Solar Energy (ABENS) — is a not-for-profit, 
nongovernmental organisation developed to foster and support research, development, and 
application of all forms and technologies of solar energy in Brazil. They organise conferences 
and issue the journal dedicated to solar energy research in Brazil.  
- The Brazilian Association of Photovoltaic Solar Energy (ABSOLAR) — also a non-
for-profit, nongovernmental organisation with the objective of coordinating, representing and 
defending the interests of the PV sector in Brazil. It was founded by the 8 big companies 
BlueSol, MetaSolar, SunEdison, Canadian Solar, EBES, Dinamica Energia Solar, Neosolar, 
Agencia Renova (amongst which two are Chinese).  
The more solar energy becomes popular, the more different interests appear and thus, 
the stronger the need for other associations. The Brazilian Association of Distributed 
Generation (ABGD) — a recently formed not-for-profit nongovernmental organisation, 
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representing the interests of Distributed Generation companies, mainly PV installers. The 
creation of such an organisation was needed mainly because of the lack of attention which is 
given to distributed generation companies in other existing institutions (Evangelista 2015). 
Moreover, many associations recently have been emerging at the local level, representing 
local entrepreneurs or other types of solar energy technology.  
Generally, these associations impact the decision making process by participating in 
the public hearings on topics related to solar energy, producing reports on the sector's 
activities and organising meetings with government officials. Moreover, the associations are 
using many other tools to promote solar energy, increasing the awareness and demystifying 
solar energy sector even for the energy sector. For example, ABSOLAR installed a PV plant 
of 50 kWp on the roof of the MME, supplying 10% of the building’s energy demand15.  
The representative of Civil Society also has a seat at the CNPE, participating in the 
high level decision making process. However, the representative usually has similar view 
points with the government, as the candidate is nominated by the government. Thus, despite 
the fact that in theory Civil Society has strong representativity in the decision making process, 
in practice it is not efficient. “The Civil Society and the government lack the complete picture, 
as one prioritises the environment and society, while government wants to ensure secure and 
cheap energy generation. They should be more engaged in dialogue with each other to 
promote both a sustainable and secure energy sector” (Shayani 2016). 
Finally, foreign associations, companies, and governments also influence the 
decision making process (Ahrens 2013). As for solar energy, GIZ — the German Agency for 
International Cooperation — is working in many areas, including solar energy. They were in 
partnership with Instituto Ideal to promote PV systems and later they introduced a new 
program to develop Concentrated Solar Power technology in Brazil. Through reports, training 
programs and organised governmental visits to Germany, they influenced further deployment 
of these technologies in Brazil.  
3.2: Programmes and incentives 
Nowadays, Brazil faces many challenges, as the downturn in the economy which 
shrinks the new electricity demand; political crises, rising unemployment and the need to 
attract private investments (Dwyer and Machado 2016). The need for innovation and high-
technology in the energy sector has been highlighted for a long time by Brazilian academics 
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(Furtado 2015). Another driver of solar energy development is Brazil's climate change 
engagement under the Paris agreement aimed to achieve the following targets (MMA 2015): 
In the energy sector, achieving 45% of renewables in the energy mix by 2030, 
including:  
- expanding the use of renewable energy sources other than hydropower in the 
total energy mix to between 28% and 33% by 2030;  
- expanding the use of non-fossil fuel energy sources domestically, increasing 
the share of renewables (other than hydropower) in the power supply to at 
least 23% by 2030, including by raising the share of wind, biomass and solar. 
Additionally, electricity prices have seen a constant growth through recent years 
(Figure 22), contributing to the grid parity
16
 of solar energy and reducing the payback of PV 
system. As we can observe in figure 22, electricity rates have been growing throughout the 
past 6 years, except in 2013 when a revision of the electricity prices reduced the rates to 20%.  
Figure 22. The evolution of average electricity rate in Brazil 2010-2016 (BRL/MWh) 
 
Source: (Brito 2017) 
Electricity prices in Brazil are much higher compared to other countries. The average 
rate for industry, registered in 2015, reached 543.8 BRL/MWh (201 USD/MWh), therefore 
the most expensive electricity price in the world (Brito 2017). This is explained by the large 
share of taxes, which reach around 45% of total costs depending on Brazilian states 
(ABRADEE 2016). Rising electricity prices favour solar energy development for distributed 
generation (DG), as the payback time reduces, yet it harms the competitiveness of the national 
PV industry, as the production of for instance solar cells is energy intensive process.  
Differently from China, USA and many European countries, Brazil profited from the 
global decrease in the prices of solar energy and opted in its general policy to let the market 
                                                 
16
 Grid parity happens when a new energy source, in this case solar, begins to cost the same than 
traditional ways of producing electricity such as hydro, coal, oil or gas. 
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determine the price of solar energy and to incentivise the sector’s development mostly through 
regulatory means for net-metering and auctions. 
 “At the moment government opted to not incentivise the solar energy with 
special programs, as Feed in Tariffs. This policy could result in the increase of 
tariffs for regular consumers what we try to avoid. The solar energy auctions 
and net-metering demonstrated good offer of solar projects with competitive 
prices” (Livino 2016). 
Brazil already contracted around 2.6 GW of solar energy expected to operate before 
2019, while the current installed capacity accounts for around 469 MW. EPE’s recent 10-year 
Energy Expansion Plan aims to add 13 GW of solar energy capacity by 2026 (EPE 2016a), 
while many experts predict an even more ambitious growth of solar energy during next 
decade (Campos 2017; Tiusso 2015). The potential for electricity generation from solar 
energy is crucial. According to the EPE’s findings, the technical potential of residential solar 
systems in Brazil can achieve around 287,505 GWh per year (Nascimento 2017). This 
represents the double of current domestic energy consumption.  
Therefore, in the context of the challenges and drivers described above, the Brazilian 
government constructed a certain incentive policy for solar energy based on the following 
instruments: social inclusion programmes, solar energy auctions, net-metering systems, 
financial and fiscal incentives. These instruments have emerged late compared to China and 
are still undergoing changes and adjustments. Yet they succeeded to scale up the almost non-
existing sector of PV in the beginning of the 2000s to a sector with 2GW of solar energy to be 
installed by 2020, an established PV industry and growing DG.  
Social Inclusion Programs 
Despite high costs of solar energy the Brazilian government decided to support its use 
for certain social projects. There were several specific joint projects between electricity 
distribution companies and institutions for the electrification of rural areas. The Programme 
for the Universalisation of Electricity Access and Use (“Luz para todos”), mentioned in the 
second chapter, currently implements the PV projects and expect to be completed in 2018 
(Campos 2017). 
Another national Program “My house, my life” (Minha casa, Minha vida) together 
with the bank “Caixa Economica Federal” financed specific installation of PV systems. The 
pilot projects were implemented in different Brazilian states, as Goiás, Bahia and others. For 
instance, in Bahia households received PV panels with an overall capacity of 2.1MW in 2012 
for two residence complexes of 1000 families. After successful pilot projects and studies 
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conducted by government agencies together with ABSOLAR, PV systems became an official 
part of the program at the national level. Decree Nº 643/2017 established general conditions to 
purchase the alternative energy generation systems for houses bought in the framework of this 
program. The PV systems will enable savings up to 70% of the electricity costs, helping low-
income families (Setor Energetico 2017).  
These two main programs, which promote on-grid PV systems for low-income 
families and off-grid PV for remote areas are an important driver, yet not the main one. The 
programme “Luz para todos” is small scale, while the use of PV systems on the federal level 
in the framework of the Program “My house, my life” was adopted only in 2017, but expects 
to increase national demand.  
Incentives for large-scale solar projects: auctions 
Despite the fact that solar energy could always participate in energy auctions it never 
could compete with other energy sources. The first time solar projects were presented at the 
new energy auction A-3/2013 was on the 18
th
 of November 2013. Around 109 PV projects 
with total installed capacity of 2,729 MW and 10 CSP projects (290 MW) were presented at 
the auction, yet none of them were contracted due to the high prices compared with other 
sources (EPE 2014b). 
Later that same year, Pernambuco state organised the first solar energy specific 
auction, where projects were competing within the solar energy sector. Local government 
contracted 122.82 MW with a minimum price of BRL 228.63. Following this successful 
example, the federal government realised its first exclusive reserve auctions for solar energy 
on the 31th October 2014. On the first auction 1,048 MW of solar energy were contracted and 
guaranteed a price of BRL 301.8/MWh (or USD 87) for twenty years. This approach was 
reinforced in November 2015 with two exclusive auctions which both contracted 2,158 MW 
of photovoltaic generation at the average price of BRL 297.7/MWh (USD 78), as 
demonstrated in figure 23 (EPE, 2015). 
In the period of 2013-2015 the government contracted many energy projects, driven by 
previously constant energy growth. Yet, the economic recession of 2016 reduced electricity 
demand on a scale that had not been seen since 2009. Thus, the government cancelled the 
reserve auction planned for the end of 2016 (Wiziack 2017). This was a bad signal for 
investors who were willing to get involved in the sector.  
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Figure 23. Evolution of solar energy sources contracted through auctions 
 
Source: adapted based on (Sauaia 2017) 
According to the most recent energy auction which took place in December 2017, PV 
energy was shown to be even cheaper than hydro power (Table 4). In the A-6 auction, wind 
projects were negotiated at an average price of 98 BRL/MWh (29 USD), against a previous 
lowest record of almost 119 BRL (35 USD). The PV power plants demonstrated the lowest 
price ever on the auction (A-4) with an average price of 145 BRL (43 USD), against a lowest 
registered offer of 245 BRL (74 USD) for a 2014 trading session. Meanwhile, hydroelectric 
plants had an average price of about 219 BRL (66 USD), compared to average values of 
between 218 BRL (66 USD) and 213 BRL (64 USD) for biomass and natural gas (Ambiente 
Energia 2017a). 
Table 4. The results of a December 2017 energy auction, by source  
Energy source PV Wind Hydro 
Price BRL/MWh 145 (43 USD) 98(29 USD) 219 (66 USD) 
Source: elaborated by author based on (Ambiente Energia 2017a) 
The Northeastern states benefited particularly from solar energy growth, being a 
strategic location for the majority of projects and receiving FDI for industrial production of 
panels. The recent interruption in government auctions for solar energy jeopardised future 
investments and solar-related projects have been slowing down. Thus, as announced by a 
Minister of MME, they experienced pressure from different stakeholders and in particularly 






Research and Development (R&D) 
As was mentioned in the second chapter, large-scale PV started with the ANEEL's 
strategic R&D call n.13 in 2011. Through the recent decades, universities started more 
actively exploring research opportunities in the PV sector. Many universities have laboratories 
or R&D centres
17
. For example, the Minas Gerais centre of R&D-CSEM — developed the 
production of Organic Photovoltaic panels (OPV). These have already been developed and 
demonstrated, and the institute’s spin-off SUNEW is supposed to go into production soon.  
However, research conducted in Universities is often geared towards academic 
objectives. Many interviewees mentioned the lack of the connections between the industry 
and universities (Frontin 2017; Shayani 2016). Despite the level of knowledge of professors, 
universities often lack the ability to commercialise the innovations. Within the educational 
area, the scarcity of PV courses was observed.  
Regarding R&D incentives, Zilles R. et al. (2010) elaborated a report with detailed 
propositions in terms of the kind of incentives the PV sector needs, starting with incentives for 
research and technological innovation (Zilles; et al. 2010). Yet, the problem is not only a lack 
of financial resources, but rather its wrong distribution (Trein 2017). As both Zilles et al. and 
Trein argued, there is a lack of funding, but more importantly there is a shortage of engineers, 
chemists, amongst other specialities related to the PV value chain. PV courses are usually 
optional in Universities and not a part of the regular curriculum. 
The number of integrators has been rising remarkably, starting with 388 companies in 
2014 to 1500 companies in 2016 (Greener 2017). However, the lack of capacitation could be a 
barrier playing against PV deployment. There are not enough affordable courses to capacitate 
the PV system integrators and few universities offer courses on PV systems. There are some 
incipient initiatives, which can be seen punctually in some states. For example, National 
Service for Industrial Training - Senai
18
 started to offer courses and even inaugurated the 
capacity centre for solar energy in the Federal District (SEMA DF 2016). Yet, this practice 
didn’t gain nationwide scale. 
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 More information on the main R&D laboratories can be found here: http://americadosol.org/pesquisa-
e-desenvolvimento-no-brasil/  
18
 Senai – National Service for Industrial Training is a network of not-for-profit secondary level 




In Brazil, there are several fiscal incentives for the solar energy sector: 
1. Around 80% discount on transmission and distribution tariffs related to the use of 
transmission and distribution systems (TUST and TUSD respectively). 
2. Agreement No. 101/1997 of the National Finance Policy Council (Confaz) granted 
exemptions from the Tax on the Circulation of Goods and Services (ICMS) for solar 
energy equipment and components. However, the ICMS and the tax on Industrial 
products (IPI) rates are zero only for imported panel modules, while for the 
importation of PV system parts the ICMS is 18% and the IPI is between 5% and 15% 
(Esposito and Fuchs 2013).  
3. Programme of Technological Development Support Semiconductor Industry (PADIS), 
instituted by law 11,484 / 2007 permits the reduction of certain federal taxes in order 
to encourage the production of microelectronic goods. Nonetheless, the PADIS 
applied to only 20% of the inputs and machinery of the solar industry, meaning that 
around 80% of the components suffer from tax rates between 40% and 60% 
(ABSOLAR 2015). Recently, the inclusion of the solar energy industry was 
suspended, which was explained by the absence of a justification in terms of financial 
impacts, as determined by the laws of Fiscal Responsibility and Budget Guidelines. 
The government is still trying to find a way of extending the validity of the law or to 
find another way to make the production of semiconductors cheaper in Brazil than 
these imported from abroad (Filho 2016).  
4. Debentures incentives (Law nº 12.431, 24th of July 2011) — exemption of income tax 
for individuals on the income related to the emission of debentures for infrastructure or 
research projects, among which is the solar energy sector (Nascimento 2017).  
5. In the Northeast and Amazon regions priority projects (including solar projects) have 
reduced income tax (Esposito and Fuchs 2013). 
6. The Information Technology Law (Law 11,077 / 2004) grants tax exemption to IT and 
automatisation equipment which indirectly benefit the solar energy sector (Esposito 
and Fuchs 2013). 
Table 5 shows the taxes related to the solar power system. It is possible to see that 




Table 5. Tax exemptions for solar power systems’ equipment19. 
Taxes Equipment 








Import tax (II) 12% 14% 14% 
Tax on industrial goods (IPI) 
(credit and debit*) 
0% 15% 15% 
Tax on Circulation of Services and 
Goods (ICMS) 
(credit and debit *) 
0% 17-20% 17-20% 
Program of social integration (PIS) 
(credit and debit *) 
1,65% 1,65% 1,65% 
Contribution for social insurance 
(COFINS) (credit and debit *) 
7,60% 8,60% 8,60% 
Additional payment on freight for 




25% of freight 25% of freight 
Source: Author’s elaboration based on the available documents. 
* This means that the tax paid on the importation of products stayed as credit on the importer's 
account and that when a company sells the product in Brazil it pays this tax only on the added 
value. 
In Brazil, investment costs for the acquisition of PV equipment are, on average, 32.5% 
higher than in other countries. The reason is the incidence of taxes such as IPI (when 
applicable), ICMS, PIS, and COFINS, which harms nationally produced goods’ 
competitiveness (FIESP 2013). 
                                                 
19
 There is no the similar table for Chinese chapter, as the PV systems are mainly exported, rather than 
imported as we observe it in the Brazilian case. The Chinese government doesn’t impose any export tariffs for 
PV system’s equipment.  
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3.2.1: Financial incentives 
“Solar energy is free, but it is not cheap” 
(Foster, Ghassemi, and Cota 2010)  
Currently, the installation of PV systems for the residential sector requires high 
capital costs. The price of a turnkey PV system starts from 16.000 BRL (5,300 USD)
20
 and 
goes up depending on the system’s size, while payback comes in 5 to 10 years. If a household 
spends less than 300 BRL (100 USD) per month on their energy bill, the installation of a PV 
system is not financially viable as payback will occur only after 9-15 years, limiting the use of 
solar energy only to high income households. Moreover, if the household were to take a loan 
to finance the system, payback time would increase significantly, as the lending rates in Brazil 
vary from 7-26% and there is no any low-cost funding for PV systems. 
Federal government controlled banks such as Banco do Brasil and Caixa Econômica 
Federal have lower cost loans than private banks, yet with lending rates of 1.5-3% per month. 
Private banks also offer some tools for sustainable products. For example, Santander bank 
recently launched a new line of sustainable funding to finance PV systems in households, yet 
with lending rates vary from 2 to 7% per month. Any double digit annual lending rates 
proposed either by State or by private banks make solar projects unfeasible. However, even 
with high investment costs, Santander bank managed to invest BRL 10 million in PV systems 
in 2015, according to information from the official site (Santander 2016). This indicates high 
demand coming from individuals to finance the PV systems and if the interest rates were 
lower more people could afford a loan, boosting distributed generation and local economy. 
Despite the fact that all the stakeholders know that the lack of adequate funding is one 
of the biggest barriers and this issue is always discussed at conferences, banks are not rushing 
to create new funding options for solar. This is explained mainly by the fact that solar 
technology is still immature and considered a risky investment area. Various arguments are 
given by bank representatives for the lack of specific credit lines. For instance, during an 
interview with the representative of Caixa Econômica Federal my interlocutor argued that the 
PV market is not ready for low lending rates due to the lack of capacity building of PV 
integrators. 
 “If a bank would create a special credit line for PV system, many consumers would 
want to install it and many incompetent PV integrators would emerge to offer this service. 
                                                 
20
 The price is for PV system in Brasilia and Sao Paulo region, as of 2016. 
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Then, the PV system would be broken in few years and consumers would refuse to pay back 
the loan to the bank for the product they can’t use any more” (Toyama 2015). Thus, he 
argues, PV integrator capacitation is crucial for market development. 
The lack of financing options is an important barrier for DG in Brazil and main 
stakeholders are in constant negotiations to find different options enabling individuals to 
purchase solar systems. For example, at the Senate, the bill nº 371, 2015 was approved, 
enabling the employees to withdraw their resources from FGTS (Brazilian Indemnity Funds) 
to fund solar systems (Agência Senado 2016). This partially boosted the market, yet with 
some persisting limitations on who can access this fund.  
For registered companies in Brazil, there are some public funds that offer loans with 
rates of 7-9% per year. The payback of these projects become more attractive and reduces to 
5-10 years with the possibilities to have a zero marginal cost generation for the remaining 15-
20 years. However, during the current political crisis in Brazil, companies are not willing to 
take a risk of long term loans (Tiusso 2015).  
Moreover, for the companies there is an option to get a loan from one of the 
development banks in Brazil, which works in some states: Banco do Nordeste do Brasil, 
Desenvolve SP, the Development Bank of the State of Minas Gerais, etc. For example, the 
Northeast bank created specific conditions for solar energy, where the consumer could take a 
loan with lending rates of 6-11% per year for 12 years. The loan is specially developed for 
solar energy and in one year the investment reached BRL 400 million. For rural areas, there 
are the financial resources from Pronaf eco, BBenergia and Mais alimentos
21
 with lending 
rates of 2-2.5% per year.  
The Development bank which has subsidiaries in all states is the National Bank for 
Socioeconomic Development (BNDES). It grants loans at preferential rates for the auction 
winners’ projects which comply with the local content clauses. According to the “Progressive 
Nationalisation Plan”, which defines the local content conditions, in the period of 2014-2017 
the frame of the PV panel must be sourced within the country. It is also expected that the 
electrical components of the system will be manufactured locally. From 2018 to 2019, the 
junction box and the inverter will be added to the previous list. From 2020 onwards, the 
national production of the solar cells will also be required for public financing, thus 
completing the evolution of the Brazilian industry to all stages of the PV production chain. In 
order to accelerate this process, those manufacturers who produce locally the items not yet 
                                                 
21
 Specially designed programs from state-owned banks to support the rural sector. 
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required by the schedule will receive a bonus, if they are sourced in Brazil (Souza and 
Cavalcante 2016).  
The nationalisation strategy consists in the consolidation of a relative autonomy in the 
solar sector, supporting national manufacturers at all stages of the PV production chain. 
Recently, the BNDES has increased the financing share from 70 to 80% of total project costs, 
while leaving 70% for other renewable sources and reducing to 50% the funding for the large 
hydro stations (BNDES 2016). Moreover, the bank announced that it will stop financing coal 
and oil power plants, which is compatible with the responsibilities Brazil took on in the Paris 
agreement. The BNDES's policy shows a clear priority towards the financing of large-scale 
solar energy projects, incentivising project leaders to purchase PV panels from local 
manufactures and international companies to transfer their production to Brazil. However, the 
BNDES offers credit lines only for large-scale projects, while distributed generation lacks an 
affordable tool of financing. 
3.2.2: Incentives for Distributed Generation 
Brazil introduced the net-metering system in 2012 with the adoption of Resolution n. 
482, thereafter amended to n. 687 with more possibilities for mini and micro generation 
(ANEEL 2015). The net-metering system allows independent generators to feed the grid with 
their excess electricity, while the system offers these producers the same amount of electricity 
in the periods when solar radiation is not enough to supply their consumption. With the 
establishment of the net-metering system the DG sector had drastically increased from only 3 
connections in 2012 to 6,670 in 2016 (ANEEL/BIG 2017).  
Figure 24. Number of Distributed Generation connections 
 
Source: (Sauaia 2017) 
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The main changes adopted with the 687 resolution brought more possibilities to 
prosumers, as follows (ANEEL 2015): 
- Remote compensation: any company or consumer can install an energy system at 
different points of electricity use and still get credits, which can be used to abate 
consumption costs on another units;  
- Shared generation rules: stakeholders can now unite within a consortium or a 
cooperative to install a system to reduce all stakeholders' energy bills; 
- Credits are valid for 5 years instead of 3 years as previously; 
- The cap for the system to be registered for net metering increased from 3 to 5MW. 
As for standardisation, Brazil elaborated a national labelling programme (PBE) to 
ensure the quality of PV systems. No system is allowed to be used in the country if it is not 
approved. PV systems equipment required to be PBE-labelled includes: PV modules, 
inverters, charge controllers and batteries. 
The MME initiated in 2015 the Distributed Generation Development Programme for 
Energy (ProGD) to boost small-scale energy projects in Brazil. The MME announced that the 
programme could generate more than BRL100 billion (USD 35.6 billion) in investments by 
2030 (MME 2015). It includes the creation of financing options for individuals, establishing 
trade companies for DG from renewable sources and etc. However, political instability in the 
past two years has also affected the programme’s outcomes, thus there are no clear results, 
such as credit lines for PV or creation of trading companies (Campos 2017).  
Apart from the net-metering system, there are some states which offer financial and 
fiscal incentives, for the moment there is no national policy to boost distributed generation 
further. Compared with China, the USA and many European countries, where households are 
able to sell the generated energy (so-called feed-in tariff), Brazil allowed only the 
compensation model. The feed-in-tariff policy might be beneficial for government as it uses 
private investments and land to increase the national installed generation capacity with 
renewable energy sources(Shayani 2016). The lack of additional incentives reduces a possible 
DG boom, which occurred in other countries, taking into account the relatively high electricity 
prices in Brazil. 
3.2.3: Divergence of local interest 
The solar energy sector brings a unique opportunity for distributed and centralised 
generation. Compared with other technologies, there are few pre-conditions for installation 
and can be used in remote areas even with little capacity. Thus, local communities together 
with local government and utility companies become more important actors in the energy 
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sector. It is often up to the local authority to define its position in relation to incentives for 
solar energy. It always tends to try to attract foreign investment or investments into the 
production line. The local authorities might offer fiscal incentives, or rent land under 
favourable conditions, depending on the project and gains for the community. However, the 
importance of local actors is different for DG and for large-scale development of solar, as well 
as the attraction of industry.  
Distributed generation 
The solar energy resource is an important factor in the development of the solar energy 
industry, yet local policy is even more important for its further development. Figure 25 
demonstrates two maps of Brazil with solar irradiance and the distribution of small-scale solar 
energy projects. As we can see southern states have the lowest solar irradiation and still have a 
significant number of projects. For instance, Pernambuco state which has an abundant solar 
irradiation and considerable amount of large-scale projects, lags behind in the number of DG 
systems.  
Figure 25. Number of PV systems (DG) in Brazil (left) and Global horizontal 
irradiation in Brazil (right) 
 
 
Source: (Instituto ideal 2016) on the left and (Solar GIS 2015) on the right.  
Evidently, purchasing power influences the number of systems per state and it is 
higher in the Southern states than in Northern ones, but it is not the main factor. The states 
which have been promoting solar energy for a long time, investing in R&D and increasing 
awareness within the population and government agencies come at the forefront of solar 
energy development once federal policy is established (Campos 2017; Trein 2017).  
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The state of Minas Gerais, which is a leader in total number of DG systems, started the 
promotion of solar energy at the end of 90s, launching the project "100 solar houses". 
Throughout the past two decades, the state government has been investing in solar research 
projects; weather stations; mapping solar potential; providing low-interest loans for solar 
projects through the state development bank and other measures. All this raised awareness in 
the society and prepared the states for net-metering, which boosted the number of PV systems 
(Campos 2017).  
After net-metering system entered the force, the total energy produced was taxed, 
instead of the difference between the in- and out-flow of power. In order to further incentivise 
distributed energy and reduce the fiscal burden, ICMS Agreement No. 16/2015 was proposed, 
authorising the ICMS exemption on power surplus (Nascimento 2017). Yet, it was up to each 
state to adhere to this agreement or not. As of 2016, 21 states had joined the agreement, while 
four states
22
 are still taxing the total energy consumed (Campos 2017). 
Apart from the government, the local utility company plays an important role in DG 
prosperity. Evidently, solar energy could be a threat to the income of utility companies if 
many people started generating their own energy and reducing their purchase of electricity 
from the grid. Thus, ANEEL is already discussing the possibility of double electricity bills 
with the utility companies, which would be paid separately by prosumers who installed the 
PV systems: one is for consumed energy from the grid and another will be for the available 
transmission lines (ANACE 2017). This measure would raise the payback time of a PV 
system, yet it could increase the support from utility companies to install PV systems. 
The efficiency of the local utility companies is crucial, according to an interview with 
local PV systems integrator (Tiusso 2015). The bureaucratic inefficiency of utility companies 
impacts directly the work of PV system integrators and could even preclude the installation of 
PV systems. According to the market study conducted by Instituto Ideal, 63% of interviewed 
companies responded positively on some external barriers they encountered during the 
execution of their project. These companies who answered positively, where asked again 
about the kind of the problem they encountered and 69% of companies indicated a problem 
related to grid access request (Instituto ideal 2016). 
Local programmes to promote solar energy 
Many states see solar energy as an opportunity to alleviate poverty, upgrade their local 
economy and boost economic growth. Moreover, the further promotion of solar energy 
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 Amazonas, Espirito Santo, Santa Catarina e Parana 
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attracts investments. There are many states that were publicly announcing programmes to 
incentivise solar energy development, though the measures are focused mainly on Distributed 
Generation.  
The main programmes are Goiás Solar, Palmas solar amongst others. These 
programmes normally promote financial and fiscal incentives together with the increase of 
awareness and investments in R&D. For instance, Palmas—capital of Tocantins state—
adopted law n. 327 in 2015 granting solar energy fiscal and financial incentives, as well as 
requiring any new or public buildings undergoing renovation to install solar PV systems 
(Prefeitura de Palmas 2015). 
 Thus, it is possible to observe gradual engagement in solar promotion of many 
Brazilian states viewing the sector as an important pillar of sustainable development, while 
others are still lagging behind. There are still many states and governors who lack a long-term 
vision regarding solar energy perspectives, refusing to grant the sector any fiscal or financial 
incentives. This doesn’t prevent the development of technology in Brazil, but rather 
concentrates it in certain states. 
Large-Scale (LS) development 
For LS generation, local governments’ incentives are not as crucial as for DG, as the 
policies which were developed already for wind energy in the 90s included renewable 
energies in general (Campos 2017). Thus, the legal framework is already established for both 
sources and it depends more on the available infrastructure in the area and on geographical 
characteristics.  
Interestingly, the leading states in terms of DG systems are not necessarily leaders in 
centralised PV projects (Figure 26). While Minas Gerais (MG) has a good position in both 
sectors, the leading state in terms of centralised projects is Bahia. That could partially be 
explained by the good irradiation data and partially available infrastructure. The main reason 
for solar projects to be established in Bahia, Piauí and other Northeast states is that wind 
plants already installed there (Campos 2017). Firstly, solar plants can use the same 
infrastructure as wind plants and thus reduce costs. Additionally, wind and sun are 
complementary sources, as solar generation compensates the lack of wind during the day. 
There is a first pilot plant in Tacaratu (Pernambuco state) combining a wind plant of 80MW 
and a solar plant of 11MW installed capacity (Governo de Pernambuco 2015). This plant was 
contracted at Pernambuco 2013’s auction and inaugurated in 2015 to serve as an example of 
co-generation. Yet, additional studies are needed regarding the impact it will have on the 
transmission line (Trein 2017).  
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Figure 26. Installed power of large-scale PV projects by states. 
 
Source: (Sauaia 2017) 
Industry 
While for power plants public policy is not so crucial, for the PV industry the choice of 
location relies on favourable conditions the local government might offer. The determinant 
factors for choosing the site for the installation of a factory are: local fiscal and financial 
public policy, availability and qualification of the local workforce, infrastructure and synergy 
with the company's other installations (CELA 2017).  
São Paulo state became an attractive innovation hub for PV industry, hosting four 
factories (Canadian Solar or Flex/ Globo Brasil / Multisolar / Dya Energia Solar) and two are 
located in Minas Gerais (Sunew and Minasol). This is mainly explained by the presence of 
universities, the active work of investment agencies such as Investe São Paulo and self-
promotion of the state abroad. Moreover, the investors usually benefit from being a part of the 
so called green industry that facilitates the negotiation of tax reductions, being in consonance 
with São Paulo’s promotion of sustainable development. 
This section doesn’t answer entirely the question of why in some states solar energy 
prospers while in others it doesn't, but it raises the question about state interests and 
conditions needed for solar energy development in Brazil. Thus, it is suggested that this issue 
be investigated further.  
3.3: Overview of the solar energy market 
Solar energy is a newcomer in the electricity market and has already become an 
attractive option to reduce Brazilian hydro-dependence, spur economic development and 
hedge against future volatility in electricity prices. The recently introduced incentives 
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accelerated solar sector growth and enabled development of technology. Brazil already has a 
nascent PV industry, large-scale projects and growing distributed generation which will be 
discussed in more detail below.  
3.3.1: Scaling up distribution generation with solar 
The PV systems quickly gains momentum at the distributed generation market, yet its 
participation in the national energy mix is insignificant (0.06%). As of May 2017, Distributed 
Generation achieved 209 MW of total installed capacity in Brazil. The main source of DG is 
PV systems accounting for 76% of the total number of DG projects with 160 MW of installed 
capacity (ANEEL/BIG 2017).  
The largest share of consumers remains in the residential sector, but the commercial 
sector is increasing the share deliberately (Figure 27). Industrial and rural consumers benefit 
from lower electricity tariffs and thus the payback time is longer compared with other groups. 
However, the growing number of funding options emerging in the market for the rural and 
private sectors indicates that these groups would be more actively engaged in DG.  
Figure 27. The DG by consumption classes 
 
Source: (Sauaia 2017)  
As in many other countries in the world, PV systems observe constant cost decreases. 
The price for residential systems up to 5 Wp declined from 8.58 BRL/Wp in 2015 to 8.42 
BRL/Wp in 2016 (Instituto ideal 2016). Module and Inverters represent a smaller part of the 
total cost of a PV system, whereas the main burden lies on other equipment, service value and 
taxes. As shown in Figure 28, the price continues to decrease by around 20% every 6 months 
and the increase in efficiency during the installation is fundamental to gain competitiveness in 
the market. However, it is not only about the company’s technical skills, but also about the 
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debureaucratisation of the process of connection to the grid and fiscal policy, which all impact 
the final price of PV systems.  
Figure 28. Evolution of the price of PV systems up to 500 kWp in Brazil 
 
Source:(Greener 2017)  
According to the business as usual scenario elaborated by Greenpeace, the forecast of 
new job creation from PV sector in Brazil reaches 700 thousand by 2030 without counting 
indirect jobs that could be created. Moreover, the economy would receive an additional BRL 
81.5 billion and BRL 1.6 billion in taxes through achieving only 7.2 GW by 2030 
(Greenpeace Brasil 2016). These are the results from the most conservative scenario and with 
the introduction of additional incentives the number could be doubled.  
3.3.2: Large-scale projects 
Currently, the PV market in Brazil is in a booming moment due to the reserve auctions 
held recently in Brazil. There is around 1GW of installed capacity in the country and 884 MW 
under construction (ANEEL/BIG 2017). Around 2.4 GW are planned to enter in operation by 
2019 according to the results of previously contracted plants at the reserve auctions. However, 
up to 2015, the main use of solar energy was through distributed generation, rather than 
centralised power plants. 
Evidently, the capital costs are cheaper for bigger plants than for smaller ones, thus 
solar energy becomes more competitive when the technology is used in a centralised way. 
Moreover, capital costs can be decreased through hybridisation using other sources such as 
wind, hydro or biomass. The example mentioned above with the first Brazilian hybrid solar 
wind power plant in Tacaratu demonstrated a decrease in capital costs due to the commonly 




The Brazilian PV sector represents a huge potential market for foreign companies from 
North-Atlantic and Asian countries, in particular. It is possible to notice many foreign 
companies together with Brazilian stakeholders developing projects for solar auctions. For 
example, Canadian Solar won three solar PV projects totalling 144 MW in the state of Minas 
Gerais in partnership with Brazilian PV developer Solatio (Meza E. 2014). Italian Enel has 
been awarded over 25% of the available capacity at Pernambuco’s auction and contracted the 
first hybrid plan together with Brazilian partners. Thus, foreign companies actively participate 
in the auctions and industry, demonstrating the global interconnectedness of the Brazilian 
solar energy market (Souza and Cavalcante 2016). 
3.3.3: Industrial development 
Currently the Brazilian industrial sector is at the initial stage of its formation, yet it has 
a quite developed value-chain for the production of the most important equipment. As shown 
in figure 29 the manufactures are mainly located in the São Paulo state. There are 7 PV 
module producers
23
, yet they mainly assemble the parts in Brazil using imported materials. 
Apart from the production of the PV module, there are already factories producing 
other parts of PV systems, such as inverters, string box, etc. However, there are many 
important elements, for PV systems which can be only imported, such as solar cells, wafers 
and others. There are some big companies like RIMA or Minasligas that are leaders in the 
silicon metal market and have the technical know-how to produce solar grade silicon. 
However, commercial production would be possible only with a reduction of electricity prices 
for the industrial sector (as it is an electricity intensive process) or subsidies in order to scale 
up the production to export level (Martins 2015; Souza and Cavalcante 2016). Otherwise, the 
solar cells produced in Brazil will not be able to compete with that of Chinese factories.  
                                                 
23
 including BYD and Canadian Solar, which are not on the figure, as they have just inaugurated the 
factories in 2017. 
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Figure 29. Value Chain of PV system in Brazil 
 
Source:(Sauaia 2017) 
Regarding the Chinese companies present on the Brazilian market, there are BYD and 
Canadian Solar, both have strong intentions to invest and develop their business in Brazil. 
They inaugurated their companies almost at the same time after more or less 4 years of 
negotiations: Canadian Solar in December 2016 and BYD 4 months later in April 2017, both 
in São Paulo state with the help of Investe São Paulo. 
Canadian solar inaugurated a 400 MW module-assembly plant together with American 
Flex-Energy, and invested around BRL 80 million (USD 23 million) in the production line. 
The company produces polycrystalline panel models, with a nominal capacity ranging 
between 315W and 330W (EnergyTrend PV 2012). Most home solar panels on the Brazilian 
market have power output ratings around 250, while availability of higher power ratings is 
generally considered preferable. Canadian Solar won several projects at the recent 
government auction, thus securing the demand for the production of the panels. They have 
already planned the expansion of their module-assembly plant, as well as additional 
investments of BRL 2.3 billion.  
BYD was founded in 1995, this Chinese industrial group is engaged in many sectors 
such as IT industry, electric vehicle construction, PV panel production, etc. For a long time 
they were leading the discussions about the factory and even put their investments on hold 
after the suspension of the tax incentive programme PADIS. In 2017, the company finally 
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inaugurated two factories: one for e-vehicles and another 200 MW module-assembly plant, 
totalling investments of BRL 400 million. The company announced that it will use the new 
Double Glass technology in its production that increases the lifespan of panels up to 40 years 
(Costa 2017). 
The unstable solar energy policies coming from the Brazilian government with the 
cancelation of the 2016 auction, raised uncertainty around further investments in local 
production. Currently, the locally-produced PV panels cost 60% more than imported ones 
(CELA 2017). According to the study conducted by FIESP, the goods produced in Brazil are 
34.7% more expensive than their Chinese equivalents. The study takes into account many 
different factors such as taxes, logistics, energy costs, wages and others (FIESP 2013).  
There is no an adequate industrial policy to date that could help establish competitive 
PV panel manufacturing. Currently, raw materials and production equipment are subject to 
taxes ranging from 40% to 60% (ABSOLAR 2015). The government doesn’t have any target 
regarding the future of PV capacity, apart from 13 GW to be achieved by 2030. Moreover, 
major problems for the Brazilian PV industry are the expensive price of electricity, high 
taxation, meaning that local solar panels might be less competitive in the world-market in 
spite of its more environmentally beneficial life-cycle assessment (Souza and Cavalcante 
2016). 
3.4: Role of society and identity 
The role of society and identity in the development of solar energy is usually 
underestimated, although it plays an important role in the policy formulation process. Solar 
energy impacts society, as well as society impacts solar energy development.  
The formation of the Brazilian environmental movement goes back to the 1990s, after 
the military regime. Three political opportunity structures — Redemocratisation, the 
Constituent Assembly and the Rio 92 conference— provided the parameters for 
environmental groups to arise and face common dilemmas regarding their frameworks and 
mobilising strategies (Alonso, Costa, and Maciel 2007). Through this process, a shared 
identity was formed, resulting from the change of the political opportunity structure with the 
start of the re-democratisation process. Thus, Brazilian identity regarding environmental 
issues was formed from different micro-movements which succeeded each other to 
consolidate forces into one organised unit and it impacted the political process. The 
perception of the environment was also re-defined around society and nature, and remains in 
constant transformation.  
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The concept of solar energy is tightly linked to the environmental notion in the minds 
of Brazilians. V. Pessoa (2011) conducted a survey on awareness of Brazilians on issues of 
solar and wind energy, in which the author identified related semantic networks for each 
energy source (Pessoa 2011). The results showed that the knowledge about solar and wind 
energy are represented by words that match the pro-environmental appeal (e.g. nature and 
clean), words that show the technological features (e.g. technology and future) and also the 
economic aspect (e.g. sustainable, economy and production). Interestingly, with solar energy, 
respondents chose the word “expensive”, whereas with wind energy this word was not 
mentioned. Moreover, none of the words related to the social benefits which solar energy 
brings. 
In order to reinforce this assumption I conducted a small survey
24
 in Brazil and China 
asking the same question in both countries: “When you hear about solar energy which are the 
first words which come to your mind? Which words would you associate solar energy with?” 
The results in Brazil demonstrated that of 169 respondents, around 58% associated solar 
energy with environment, 36% with innovation/future and 6% with society (empowerment of 
the poor, democratic source of energy). The significant gap between the environment and 
other options demonstrates the link people have created regarding the concept of solar energy, 
as a technology which could first of all support the environment and confront climate change.  
Solar energy is also a concept which is often associated with words such as 
“expensive, innovation, future”, according to my personal experience reading the news about 
this topic, taking part in conferences or debates, and as was demonstrated by Pessoa (2011). 
Moreover, the survey I conducted revealed that around 36% of people associate solar energy 
with the future and innovation. The futuristic perception of solar energy demonstrates that the 
technology is seen as very distant, as an activity that the future generations should engage in, 
but not affordable. However, the recent energy auction has demonstrated the competitiveness 
of solar energy with other sources, which is yet to be perceived by the majority of population. 
As government officials often argued, we cannot support solar energy as it would increase 
electricity prices and burden the poor (Livino 2016). However, if the idea about solar energy 
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 The main condition to take part in the survey was to be Brazilian, while educational background and 
knowledge about solar energy were not required. 79 of the total 169 respondents were from the engineering 
faculty at the University of Brasilia (UNB), and 18 respondents were public officials. The rest of respondents 
were from the author’s social network. The survey respondents were mainly between 20 and 40 years old, yet 
older participants also replied to the questionnaire. The author acknowledges that this is a small and non-
representative survey, which serves more to raise some questions about public perception of solar energy, rather 
draw any significant conclusions.  
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could be redefined towards a more social pillar, the national development path of solar 
technology could be modified as well.  
The idea about solar energy in Brazil is still under formation and the Brazilian society 
has little information about the technology, often confusing Photovoltaic technology, which 
generates the electricity, with solar water heating systems (Mathya 2017; Pessoa 2011; Sousa 
B. et al. 2016). The lack of information is an important barrier, though it is also an opportunity 
to construct a new identity around the concept.  
The survey conducted by Echegaray (2014) with Brazilian consumers reveals concerns 
regarding the environmental footprint of both conventional and nuclear power. Generally, 
consumers endorse renewable energy use, yet without a proper understanding of the 
limitations and opportunities. However, many experts remind us that the majority of 
customers who install PV systems are mostly driven by the search for economic viability, 
rather than by environmental concerns (Mathya 2017; Tiusso 2015). Thus, despite the fact that 
solar energy is mostly related to the environmental pillar, it is not the main driver for its 
deployment in Brazil.  
Apart from the economic and environmental benefits of solar technology, Brazil, as a 
developing country, benefits socially as well. There are around 4 million people without 
constant energy access, especially in the North of Brazil. Communities would usually use 
kerosene or diesel, for which they spend around BRL 18 (USD 6) per day to have several 
hours of electricity (Mathya 2017). This is unreasonably costly compared to electricity prices 
in urban or rural areas connected to the grid. Thus, from the 1990s onwards many 
(governmental and non-governmental) institutions provided electricity and water access using 
PV technology. Brazilian researchers have published many studies illustrating the positive 
impacts the PV system brought to these communities, as well as the barriers they encountered. 
For instance, Barros A. et al. compared the conditions of the communities in Ceará 
state — Cardeiros et Irapuá — before and after the installation of PV and solar water pumping 
systems in the period of 1994-1997. Previously, the communities had to buy kerosene or other 
fossil fuels and with the installation of solar systems, they succeeded in saving money and 
became independent from the constant increase of energy costs. The everyday conditions 
improved and they had lighting and water, using solar water pumping systems (Barros et al. 
2005).  
Nascimento A. et al. demonstrated that the 23 communities had a significant energy 
cost reduction, more comfort in everyday life as they now had the energy 24h without 
worrying about its marginal costs. Interestingly, the survey conducted amongst people of 
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these communities demonstrated that 77% of respondents think that school is the most 
important location where energy should always be available. Also, people working at home 
(mostly women occupied with handcrafts) benefited from the light available extending the 
hours they could work and consequently increasing their monthly income (Nascimento A. et 
al. 2015). Villaça indicated the benefits for the local economy, as the local shops could sell 
more electric equipment. Moreover, generally people from the community benefited from 
training programs, health conditions improved as they stopped being exposed to the emissions 
generated from fossil fuels and children had the chance to study after sunset without harming 
their eyes (Villaça 2011).  
Renewable energy and gender equality are preconditions for sustainable development 
and for tackling climate change. The gender question in the Brazilian energy sector is rarely 
covered by academia. Women are responsible for producing energy mainly through collecting 
biomass-based fuels and for consuming energy in their household activities, micro-enterprises 
and in agriculture. They are the first to be affected by the rise of electricity prices, as they are 
pushed to search for cheaper options, taking time from their daily activities (World Bank 
2017). However, as the decision-making process is dominated by males, the gender factor is 
often neglected.  
Women can be powerful agents in the sustainable energy transition. For instance, 
WWF often chooses older women to train at PV system integration in remote communities, as 
they are usually the most respected; they probably won’t leave the village ; and they tend to 
care the most about the community (Mathya 2017). Moreover, women are the first to benefit 
from electricity at home, improving daily life, health and security. Thus, more knowledge is 
needed on how to integrate gender issues more comprehensively into energy policy. 
Regarding DG, another social problem is observed in Brazil — high capital cost which 
limits the use of PV systems to the high income groups. Thus, many stakeholders would be 
opposed to any fiscal incentives for DG, as it would benefit mostly the upper middle groups 
while increasing the electricity rates paid by the middle and lower classes. The social justice 
question regarding solar energy is always present in the discussion. For example, the revenue 
which is lost by utility companies with the entrance of solar energy generated debates around 
the creation of a separate bill, in which the prosumers who installed PV systems would need 
to pay two different energy bills: one is for consumed energy from the grid and another for the 
available transmission line, jeopardizing the system’s payback.  
“Carlos Mattar, a head of DG department at ANEEL, argued that this is a 
question of social justice, since only those who have higher purchasing power 
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had been able to install a PV system, transferring the cost of the transmission 
line to the consumer with lower income” (ANACE 2017). 
Alessandra Mathya from WWF, in response to this kind of argument, argues that 
incentivising solar energy would benefit all citizens, as the solar energy sector highly boosts 
the local economy (Mathya 2017). WWF works with extractivists in the Amazon region, 
where the NGO helps not only to bring PV systems, but also to ensure the sustainable 
functioning of the system, providing training and follow up work together with other 
institutions. However, Alessandra argues the importance of solar energy not only for rural 
communities, but also for urban citizens. Brazilians pay high electricity prices and by 
incentivising the solar system, the lower income classes would have more possibilities to 
acquire the system and thus, redirect money from energy bills to other activities. Ivonice 
Campos adds that the solar sector brings direct and indirect economic impact to local and 
national economy in the form of taxes, employment opportunities, technology development 
and industry growth (Campos 2017).  
The constant conflicts around the social and energy questions could be traced 
regarding any energy resources. The most evident are the conflicts around the construction of 
hydropower plants and displacement of local population, but even in the biomass sector we 
observe these conflicts. For example, Giesbrecht (2013) mentions the dilemma that divides 
the government agencies involved in the Biodiesel Program on one side, and the 
manufacturers of biofuel, soybean farmers on the other. This divergence is found mainly on 
the question of making biodiesel a viable fuel, technically and economically, or to make 
biodiesel production and its productive chain an array of social inclusion. 
Contrary to many European counties, where population could be opposed to the 
installation of renewables in their backyard (Devine-Wright 2005), Brazilians tend to 
demonstrate a better acceptance of the technology. The possible challenges for the solar 
energy sector are the conflict over a territory in case of large-scale solar plants. Due to the fact 
that in Brazil there are not so many large-scale PV plants and usually they are far from the 
cities, there are no open conflicts so far (Mathya 2017). Regarding DG, the solar systems are 
on the rooftops and there is no occupation of the land. However, society is often neglected by 
the developers, while the dialogue with the local community is an important condition for a 
successful project. If society is not consulted about the construction of large scale projects, 
threats to its long-term sustainability increase. This pattern is evident regarding hydropower 
dams or coal plants, yet is not so appealing to the PV plant developers.  
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Frate and Brannstrom demonstrated new social perspectives in terms of environmental 
consciousness amongst stakeholders in Brazil's energy sector, which go beyond the auction 
prices and technical infrastructure. The perspectives include the concern that the utility-scale 
PV sector is ignoring community information, which could create dozens of similar problems 
to the ones that hydroelectric dams created. Thus, awareness and dialogue with the 
community are of crucial importance taking into account the unique experience of Brazil with 
social conflicts in the hydropower sector (Frate and Brannstrom 2017).  
Solar energy not only impacts society, but society also largely impacts solar energy 
policy. Taking into account the relatively recent emergence of solar energy in Brazil, it has an 
advanced representation by organised Civil Society. As we mentioned above in section 3.1, 
apart from different associations, there are several NGOs and institutions working with solar 
energy. It is possible to divide them into international institutions, such as Greenpeace and 
WWF; and national institutions such as Instituto para o Desenvolvimento de Energias 
Alternativas et Auto Sustentabilidade (IDEAAS), IDEAL, ‘Energia para vida’. Their main 
common goal for the solar sector is to spread information about solar energy within the 
government and society. WWF, together with universities, have conducted many different 
studies on the potential of solar energy. Greenpeace carried out the crowdfunding of solar PV 
systems for public schools in order to educate and spread information (Greenpeace Brasil 
2016; Herrero 2016). IDEAL has a highly informative website with all the information needed 
to inform citizens about solar energy and they often organise conferences and meetings to 
promote the use of solar energy (Instituto Ideal 2017). Additionally, Acende Brasil is a non-
profit organisation which acts as a watchdog for the energy sector and mostly analyses market 
developments and results of policy changes and energy auctions (RON 2015). 
Despite the existence of so many institutions dedicated to energy questions, awareness 
around solar energy still remains a big challenge, in which civil society is of great importance. 
For instance, Barbara Rubim from Greenpeace Brazil stated that “in order to help the people 
understand the potential of PV, we are developing roof-mounted systems in two schools, one 
in Minas Gerais and the other in São Paulo” (RON 2015). This and other similar projects 
help increase awareness around the topic of solar energy. 
Public hearings are highlighted as an imported tool for Civil Society to impact solar 
energy policy (Mathya 2017). Many different institutions participate in the elaboration of 
regulation on the issues of their concern. Moreover, organised civil society often uses 
research, survey, pilot projects, trainings and other means to demonstrate the benefits of solar 
energy for the government, influencing the decision-making process. 
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Regarding the large-scale solar power plants, civil society also defends the 
continuation of solar auctions in order to comply with the commitment which the Brazilian 
government formulated in Paris. Using 2005 levels as the baseline, Brazil committed to 
reduce emissions by 43% and obtain up to 20% of its electricity from non-hydro renewable 
power by 2030 (Nascimento 2017). However, using the “business as usual” scenario, if the 
renewable energy policy isn't changed, Brazil will fail to achieve its commitment. Thus, 
despite the objective to increase the share of solar, wind and biomass, the electricity policy is 
under re-construction. Civil society actively participates in its formation through studies, 
climate change forums and direct dialogue with government agencies (Mathya 2017).  
The research demonstrated that the question of identity is not well explored in the solar 
energy sector. It is possible to find some studies on consumer awareness, civil society 
participation or environmental consciousness amongst stakeholders. However, it is much 
harder to understand why solar energy policy is constructed in a certain way. The influence of 
history, national and global markets, as well as technological progress are important, yet the 
identity of the concept translates into the society’s idea about the technology, which later 
becomes the public policy and a part of the society’s identity. 
3.5: Final considerations 
For a long time, the Brazilian electricity matrix was based largely on hydro and 
thermal power sources. It is even relatively common for solar energy enthusiasts to criticise 
energy planners as being “electrosaurs” for their short-sightedness and inability to analyse 
solar perspectives in the long run (Soriano 2016). The Brazilian government recently has 
reoriented its conservative approach towards solar energy, announcing exclusive auctions for 
PV generation once solar energy became widespread on the international market and prices 
had decreased. The solar auctions brought industry and foreign investments to the country, 
together with the electricity matrix diversification and new technology. The local content rule 
implemented by the BNDES indicates Brazilian ambitions to become a new global player in 
the PV field. The global PV industry is still in its consolidation phase and there is a window of 
opportunity for the rise of new poles of manufactures. Brazil possesses large reserves of 
silicon, high solar irradiation, and experience in hydro and wind industry development that 
could help the Brazilian industry to become an important global player in the PV sector. 
However, the uncertain political and economic situation, and lack of clear industrial 
policy put in question the industry's profitability in Brazil and its competitiveness with China. 
The expensive prices of industrial electricity and the impact of the high interest rates on 
capital costs, all together, are harming the nascent PV industry. The Paris agreement’s 
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commitment together with rising electricity prices plays in favour of solar energy, yet without 
public incentives, especially financial ones, the solar sector will reach less far than its 
potential. Brazil demonstrated its competitiveness in the areas of project development and 
research studies, amongst others. Yet, it lacks competitiveness in more labour intensive 
processes, facing higher tax and credit rates, as well as lower qualification of labour (CELA 
2017). 
The solar energy policy formulation is a complex process, in which the government is 
not the only actor. Energy agents, banks, local governments, private companies and civil 
society, amongst others, influence the solar energy sector. The Brazilian government 
constructed a relatively open platform for communication between the different actors, 
through public hearings, forums, working groups, etc. The state governments tend to play an 
important role for solar energy development, as there are states in which solar energy has 
developed rapidly and there are others with very low installed capacity. Thus, it is important 
to note that the federal policy doesn’t have equal outcomes throughout all Brazilian states and 
regarding DG, it largely depends on state governments. 
Society and identity demonstrated themselves to be important pillars for solar energy 
development in Brazil, as it is a developing country with many challenges which PV 
technology could partially resolve. Many benefits for remote communities were demonstrated, 
as well as the need for more financial incentives to use solar energy in the urban and rural 
areas. The idea behind the solar energy concept is still under construction and thus could be 




Chapter 4: Solar energy development in China 
This chapter presents a sound understanding of solar energy development in China. 
Simillar to the Brazilian chapter, the first section traces the main actors of the sector with their 
role, responsibilities and interactions with each other. Next, solar energy will be presented in 
the framework of three dimensions: policy, market and society. The Chinese overseas 
investments in solar energy projects will be analysed here to understand their influence in the 
global solar market in general and the Brazilian one in particular. The time frame for this 
chapter covers mostly the last five years of PV development from 2012 to 2017. 
4.1: The main actors of the solar energy sector in China 
Chinese governance system and political process are complex and well-studied by 
scholars, including David Zweig, Michelle Hung Wai Lee, Stephen Spratt and Wenjuan 
Dong, among others (Lee 2012; Spratt et al. 2014; Zweig 2017). This section will focus on the 
main stakeholders which influence the political and policy process in the solar energy sector.  
The Chinese State is in fact a ‘party-State’ with the Communist party at the top of the 
decision-making process, led by the Party Politburo and its Standing Committee; and the 
government apparatus, headed by the Premier. In theory, the Party and the government are 
separate, yet in practice this line is often blurred (Lee 2012). The main actors of China's 
energy sector have been changing throughout the past decades due to continuous reform 
efforts. Figure 30 maps out the main relevant actors in the solar energy sector, as of 2016.  
At the top of the decision-making process is the Politburo Standing Committee 
(PBSC) led by the Paramount leader. This committee wields most of the political power in 
China. The State Council is the leading administrative unit, responsible for implementing 
laws and policies. Although the National People’s Congress is officially the highest legislative 
body, the State Council can issue its own administrative regulations without the congress’ 
approval, as it did for most science and technology legislation (Ahrens 2013). It could be 
compared to the cabinet in other countries, with the standing committee taking the most 
important decisions. 
Regarding energy questions, after the State Council and standing committee goes the 
National Energy Commission – the highest-level agency to coordinate overall energy 
policies, presided by the Premier Li Keqiang and made up of 19 ministers or vice-ministers 
from various departments including the National Development and Reform Commission 
(NDRC), Foreign Ministry, the Ministry of Finance and others (State Council of China 2016). 
It is responsible for drafting national energy development plans, reviewing energy security 
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and coordinating international cooperation. For instance, it approved the Guidelines for 
Energy Development for the 13
th
 Five-Year Plan (Spratt et al. 2014). 
National Development and Reform Commission (NDRC) – is one of China's major 
administrative bodies responsible for policy formulation regarding a wide range of economic 
and social issues. As for energy issues, the agency regulates the energy prices, formulates the 
FYP for energy sector together with NEA and regulates other more macroeconomical issues. 
The Energy Research Institute of the National Development and Reform Commission 
(NDRC) was established in 1980. It is a national research organization which conducts studies 
on China’s energy issues to support the decision makers (Spratt et al. 2014).  
Despite many attempts to centralize the energy sector into one institution throughout 
history, China still doesn’t have a Ministry of energy and its obligations are dispersed 
amongst different institutions. Regarding the institutional and administrative barriers for the 
PV sector and in particular for industry, some studies indicate a lack of clear responsibilities 
between the different institutions (Ali et al. 2017). Indeed, the overlap of activities by many 
organisations can always be a burden for any policy implementation. For instance, the NEC is 
a separate entity from the NDRC but institutional overlap occurs because its administrative 
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 The director of the NEA Nur Bekri, is also a vice-director of the NDRC, as of 2017 
(http://europa.eu/rapid/press-release_MEX-17-785_en.htm ).  
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Figure 30. Chinese energetic sector — interconnections between main actors and 






































 Associations/ Industry and Commerce 
sectors (including PV industry and 
integrators) 
 University, research centres, “think tank”, 
Incentives and development agencies, 
regional and national 
 “Government Organised Non-
Governmental Organisation” (GONGO) 
Government Sponsored 
Think Tanks 




National Energy Administration (NEA) – is a vice-ministerial-level agency which 
took over the National Energy Bureau. It is responsible for formulating and implementing 
energy development plans; promoting institutional reform in the energy sector; administering 
the energy sector including new and renewable energy, as well as many other responsibilities 
(NDRC 2017). The NEA's Renewable Energy Department is the direct regulator which 
oversees all wind and solar investment activities across the country and stipulates annual 
development plans for the industry (W. Shen 2017). 
Government Sponsored Think Tanks or research centres are becoming more and 
more important, as government often relies on their studies and the results of the research. 
Chinese leaders often would consider think tanks a fitting method to increase rationality and 
democracy in the decision-making process. The think tanks mainly provide three services: as 
advisors to the government; as researchers in academia, and as advocates to the public based 
on their openness (Lee 2012). The most important are: Development Research Centre of the 
State Council, NDRC Energy Research Institute (mentioned above) and China National 
Renewable Energy Centre (CNREC). The latter focuses on RES only and seeks global support 
to become a world class institution, having a certain degree of autonomy in conducting its 
research. Moreover, it is more transparent and open than governmental institutions, and 
accessible to the public and to researchers. University think tanks are also increasing their role 
as their interactions with foreign experts tend to be greater than those of their governmental 
counterparts (Ahrens 2013).  
Operating directly under State Council, the State-owned Assets Supervision and 
Administration Commission (SASAC) is the representative of the government in state-
owned enterprises (SOEs). Following the 2002 reforms, there are two state-owned grid 
companies (State Grid and the China Southern Power Grid) and five state-owned power 
generation companies
26
. Despite the conventional belief that renewable energy policies are 
designed in a top-down fashion by the central government and that they are the only actors, it 
is not the full picture.  
STATE OWNED ENTERPRISES (SOEs) 
For policy-making, there is a clear distinction between private businesses and SOEs 
(central, provincial and local). SOEs often act independently of SASAC, despite their 
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 China Guodian Corporation, China Huaneng Group, China Datang Corporation, Huadian Corporation 
and China Power Investment Corporation.  
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oversight function. Wei Shen provides in-depth analysis of the main actors in the renewable 
energy sector (W. Shen 2017) and argues that SOEs, as major investors and solar equipment 
manufacturers, are gaining prominence in the policy process. Indeed, after the establishment 
of the anti-dumping measures by developed countries, SOEs were the leading investors in the 
nascent industry. Therefore, despite the initial presence of the small and private companies, 
the sector became more concentrated in the hands of a few leading manufacturing companies 
and SOE investors. Shen argues that companies (both large private and state owned) often 
interact with the government through policy consultation meetings. The meetings are often 
organised by the state who invites key industrial actors to express their opinions and concerns 
regarding the new policies being designed. The result of his research shows that the renewable 
energy sector is a relatively young and fast-growing segment in China's energy system and the 
regulators are often unsure about the consequences and impacts of the new policies being 
designed (W. Shen 2017).  
Regarding the success of renewable energy projects at the local level, as Lee (2012) 
and W. Shen (2017) argued, SOEs have played a major role in synergizing the interest gap 
between central and local officers. They are often the first to acknowledge the policy updates 
and pass on the information to local officers. Thus, local states were willing to give up part of 
their previous duties to trade them for the SOEs’ ‘convenient political resources’ in Beijing.  
The local government, which includes provincial, municipal and county governments, 
plays a crucial role in solar energy development. Local officials have a certain degree of 
freedom regarding the implementation of national laws and regulations and could integrate a 
local-specific preferential policy. An ancient Chinese proverb says it best, “The mountain is 
high, and the Emperor is far away” (Zweig 2017) – indicating the problem of enforcing 
orders and policies from central government at the local level. 
Due to the growth of close state–business alliances with the PV industry, local 
governments had a vital interest in the survival of the companies. They used mainly three 
different strategies to safeguard the PV industry since 2009: they signaled support to the PV 
industry; used provincial state companies to invest in firms; and introduced province-wide 
feed-in tariffs to foster domestic demand (Gruss and Brink 2016). This policy provoked more 
international disputes and coincided with overall trend of central government aiming to regain 
control from local governments. Thus, in 2012, the central state prohibited local 
administrations to financially support debt ridden PV companies and consolidated the market 
by letting big players go into insolvency. 
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Another factor of local support was the changes in the evaluation system of local 
officials from the purely economic-based advancements towards more complex evaluation, 
which included the environmental and societal pillars (Ferreira, Barbi, and D’Ottaviano 2016; 
Lee 2012). The solar energy sector brings tax revenue to the provinces, new jobs, reduction of 
emissions and many other benefits for which the regions are often competing (Gruss and 
Brink 2016). The successful companies improve a city’s reputation and can help attract 
further investments. Thus, they can offer many different province-specific benefits, for 
instance: 
 “In my city, there is a local solar panel manufacture. So if the integrators 
would use the locally made panels, the local government will pay you extra 
0.2cent/watt. Yet, if the panels will be from other manufacturers, the users 
would not receive these benefits.” (Xiang 2017). 
Society is represented mainly through the Government Organised Non-Governmental 
Organisations (GONGO) (Barbieri and Ferreira 2017), Universities and energy-related 
associations, including private companies. They have a certain interaction with the bottom 
part of figure 30: government think tanks, NEA, NDRC, Local Government and banks. There 
are many NGOs which work with energy issues and promote renewable energy, yet normally 
always connected to or controlled by the government. There will be a more detailed 
description of NGOs' and society’s roles in section 4.4.  
The Associations are playing an important role in bridging the private sector and 
government. For example, China Photovoltaic Industry Association (CPIA) often prepares 
studies about PV, which are the base for many further regulations. 
‘We have a direct contact with the government and if they have any important 
regulation meeting, we would be consulted. Theoretically, we are a NGO, but 
as you can see we are sitting in the government building. We are platform 
between the government and manufacturers. We are financed by the industry 
and when we need to represent the opinion of entire industry we would go to 
the government to advocate for that, but not for the interests of an individual 
company.’ (Li 2016b) 
 Apart from participation in the political process through associations, large PV 
private enterprises can also be consulted by government officials. As was described in the 
2
nd
 chapter, they were pioneers in the solar sector and remain important players, which 
government officials would consider during their decision-making process. Contrary to the 
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wind turbine industry which was dominated by state-owned enterprises (SOEs) from the start, 
solar manufacturing firms in China are largely privately owned (Spratt et al. 2014). Private 
companies mainly use guanxi and connections with the local government to ensure the 
partnerships and access to information (Lee 2012).  
Foreign associations, companies, and governments often also lobby within Chinese 
government, depending on the issue. It is possible to trace the tight relationship with the 
Danish government, for instance, which lobbies mostly (but not exclusively) for wind energy. 
The establishment of the CNREC’s was an important part of the Sino-Danish Renewable 
Energy Development Programme and they contributed considerably to its establishment. GIZ 
- German Agency for International Cooperation – is working with the Chinese government in 
many areas including energy, climate and other issues, through capacity building, reports and 
other means, which influence the decision-making process.  
Despite the variety of different institutions which are present in the energy sector, they 
all agree on the need to integrate renewables in the energy mix. ‘All stakeholders agreed on 
the general trend, but every institution has its own vision of how we can achieve it. For 
example, some experts say we need to develop solar more in western provinces, but there is 
nobody who would say that we don’t need to integrate renewables’ (Jian 2016). 
 
4.2: Programmes and incentives to develop the solar energy sector 
Currently, the overall policy in China is headed towards the switch from a factor-
driven economy to an innovation-driven one (S. Zhang et al. 2013a). According to official 
plans, China shall become a global innovation leader by 2050. Despite the conventional 
perception that China can’t innovate (Abrami R. et al. 2014), according to the Global 
Competitiveness Index 2016–2017, China has already succeeded in rising to the 28th position, 
well ahead of other BRICS countries, and is ranked jointly with Spain, Iceland and other 
developed countries. Similarly, according to the 2016 Global Innovation Index, China joins 
the ranks of the world’s 25 most-innovative economies, aiming to be amongst the top 15 most 
innovative countries by 2020. 
As China is a planned economy, it issues every five years a Five-Year Plan (FYP)
27
 — 
general central-level plan with broad guidelines. Based on the general plan, other sectors have 
their own more specific plans. The FYP for renewable energy is elaborated by NEA together 
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 Five-Year Plans - blueprints containing the country’s social, economic, and political goals. They 
encompass and intertwine with existing policies, regional plans, and strategic initiatives 
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with NDRC. ‘This scenario would be then integrated in the energy plan and all the 
information is normally coordinated. On local level, the authorities would elaborate a local 
FYP based on available financial resources. Yet, the FYP is not so important, as before, as it 
is just guidelines nowadays’ (Jian 2016). 
 In the recently published 13
th
 FYP (2016-2020) green growth and clean energy use are 
prioritised and this brings vast business opportunities to green industries, including renewable 
energy. The plan targets to achieve 105 GW of solar energy by 2020 or 15% of non-fossil 
energy in its matrix. Within this target, only 5 GW are allotted to CSP technology and 100 
GW to PV technology (IEA 2016a).  
The environmental question indeed became one of the most important within the 
political arena. For many years, government demonstrated a profound understanding of the 
problem, as it has impacted the whole of China and the gravity of the situation is difficult to 
hide (D. Liu 2016). Development of renewable energy became one of the priorities while 
other measures were implemented, such as energy efficiency, clean coal technology and the 
reduction of pollutants in the air (Z. Wang 2016). The strengthened policies regarding air 
pollution and clean energy have reinforced economic shifts by reducing the share of coal in 
the energy mix and urging for electricity mix diversification (Qi et al. 2016).  
Contrary to Brazil, where government left the market decide on the prices, the Chinese 
government opted for incentives policies to support the nascent sector. As was demonstrated 
in the second chapter, the solar energy sector started its deployment mostly in rural areas, 
helping the government bring electricity to remote areas. Later, when the global market 
increased the demand for PV technology, the Chinese emerging private sector envisioned the 
potential in the sector and invested in capacity expansion. Despite the fact that the private 
sector played an important role in China becoming a leader in PV sector, State incentives and 
the policy adopted to boost national industry and solar energy generation was a crucial factor. 
Among many incentives which were the basis for current PV sector growth, the following 
measures can be distinguished: the poverty alleviation programme, which followed the rural 
electrification programme; FIT tariff and top runner programme (M. Tan 2017). Additionally, 
the available fiscal and financial instruments facilitated further PV development, creating the 
required environment for national and international growth. 
 
I. Poverty alleviation program 
Starting with the rural electrification programmes, the PV sector was supported by the 
government. The first private companies, amongst which Trina and Suntech, started with 
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these programmes aimed at the alleviation of non-electrified areas. After the government 
announced that there were no Chinese regions without energy access, it started a new 
programme — Poverty alleviation through solar energy. In China anyone who produces 
energy can sell it to the grid, so the government decided to use this mechanism to create 
additional income in poor communities (M. Tan 2017).  
The programme was introduced by the NEA in March 2016, aiming to supplement by 
a minimum of RMB 3,000/year (USD 435) the incomes of 2 million impoverished households 
across 35,000 villages, specifically targeting people unable to work and physically impaired 
persons. The first phase of the programme, released in October 2016, planned for 2.18 GW of 
small-scale PV, as well as 2.98 GW of utility-scale plants (M. Tan 2017; S. Wang 2016). 
Thus, local government raised funds to install the system either on rooftops or utility-scale, 
and households could also be expected to participate financially. Afterwards, the households 
would receive payments for energy sold to the utility companies, which is expected to 
partially alleviate the poverty (S. Wang 2016). Simultaneously, government uses private space 
to add clean energy generation to its energy mix and boosts national demand for PV systems. 
II. FiT system  
In addition to the poverty alleviation programmes and to many electrification 
programmes, the main driver for solar growth is the feed in tariff (FiT)
28
 system. In response 
to overcapacity in the industry, the Chinese government introduced a national feed-in tariff for 
solar generation in 2011 (Spratt et al. 2014). As of 2016, there were three key series of policy 
documents which shaped China’s FiT program: the “PV Build Plan”, released annually, which 
sets project quotas by province; the FiT rate change notices, which publish the FiT rate for the 
budget year; and the “Renewable Energy Subsidy Catalogue” that gives permission for the 
projects to begin receiving FiT payment (M. Tan 2017). 
 
PV Build Plan 
In order to limit the distribution of subsidies, the NEA publishes each year a “Build 
Plan” that determines the approved capacity quota for the year by province. Only projects 
within the build plan could be eligible to receive FiT. The commissioning deadline is the 30th 
of June of the following year, and the projects approved within the 2015 build plan, for 
                                                 
28
 A FiT program typically guarantees that customers who own a FiT-eligible renewable electricity 
generation facility, such as a roof-top solar photovoltaic system, will receive a set price from their utility for all 
of the electricity they generate and provide to the grid  
 (https://www.eia.gov/todayinenergy/detail.php?id=11471 ) 
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instance, would receive the FiT rates of 2015. The targets of the Build Plan can be exceeded, 
as it happened in 2014 and 2016, yet this flexibility could be allowed only after approval by 
NEA (M. Tan 2017). 
FiT rate change notices 
Another important document which determines the change in FiT rate is the notice 
issued by NDRC. The document is issued only when NDRC determines a decrease in FiT 
rates. For example, there were no notices and therefore no decreases in FiT prices in 2015. As 
shown in table 7, provinces are divided into three categories based on solar irradiance. 
Provinces with higher irradiation receive less FiT payments for large scale plants than 
provinces with lower solar irradiation in order to equally spread the project numbers across 
the whole country. Yet, the distributed generation has the unique FiT rates equal for all 
regions.  
Table 6. The evolution of FiT rates from 2011-2017 (RMB/kWh) 
Provinces based 
on irradiation 
2011 2012 2013 2014 2015 2016 2017 
I  1.15 1 1 0.9 0.9 0.8 0.65 
II    0.95 0.95 0.88 0.75 
III    1 1 0.98 0.85 
Distributed 
Generation 
   0.42 0.42 0.42 0.42 
Source: adapted by author based on Tan (2017); Wang (2016) 
Renewable Energy Subsidy Catalogue 
This catalogue represents the final approval of the project. After the PV project has 
been listed in the catalogue, the developer can receive the FiT rates. Yet, the government 
often delays the issue of the project and the last one, from May 2017, issued the approval of 
the projects commissioned in 2015. This means that for 2 years the developers received only 
wholesale prices without the promised FiT rate and the government owes the developers 
around USD 870M. That issue was mainly explained by the limits of the renewable energy 
fund (Jiwen 2016; Tan 2017).  
III.  PV Top Runner Program 
Throughout many years, the Chinese subsidy system was organised in such a way that 
the fastest and the cheapest projects received the most support. For example, to enter the “PV 
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build plan”, provinces were accepting the projects based on a first-come-first-served basis 
(Tan 2017). Such policy has resulted various inefficient projects with a low innovation rate. 
Additionally, project developers currently encounter a problem of lack of suitable land for PV 
plants (Li 2016b). Areas with proper conditions for PV plants, being amongst others the 
availability of transmission lines and the non-use of the land for agricultural purposes, has 
become a scarcity in China. Thus, the focus of many developers of renewable energy projects 
has nowadays shifted to the optimisation of current power plants that could bring them more 
revenue, and thus a need for innovative solutions (Furtado 2016). Consequently, the focus of 
governmental incentives has also shifted from quantity to quality, with more innovative 
solutions for the projects. The PV Top Runner Programme was introduced in 2015 to 
incentivise developers to invest in new and innovative technologies (Solar Power Europe 
2017).  
The pilot round launched in 2015 consisted of a 1 GW auction of multiple projects in 
Shandong province, completed by the end of June 2016. The second round launched in 2016 
expanded to eight auctions (also called “bases”) in five provinces, totalling 5.5 GW (Li 
2016a). All of the equipment used in these projects has to meet minimum requirements of 
16.5% to 17% efficiency for multi-crystalline and monocrystalline silicon modules, 
respectively. This has boosted the use of high efficiency technology, available on the market 
only through a few suppliers (M. Tan 2017). The results have been encouraging: by 2017, the 
efficiency of solar cells had already reached 20.5% and the record auction price reached was 
as low as 0.45 CNY/kWh (0.069 USD/kWh) (Solar Power Europe 2017).  
 
IV. Financial and fiscal subsidies 
The banks operating in China are government-owned, which is an important factor to 
consider since there is ample ability for interest rate “manipulation”. The “market” factor does 
not really affect the interest rates, as it does in Brazil, where the government can increase its 
debt in order to subsidise interest rates for a specific sector as an incentive (Vieira 2017).  
The funding strategies are mainly driven by the Chinese government through State-
owned enterprises, province-owned enterprises, and other investment entities. The Chinese 
government has set up an energy special interest-free loan since 1987 to promote the 
development of solar energy and other renewable energy (Song, Jiao, and Fan 2015). The 
renewable energy law of 2005 states that government should provide financial and fiscal 
incentives for eligible projects, but there were no administrative orders for its implementation. 
Thus, the preferential loans and tax benefits have been used in an ad hoc and very limited 
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manner (F. Wang, Yin, and Li 2010). Despite the available financing options with low interest 
rates of an average of 5-6% per year depending on the projects, the credits are not so 
accessible. In recent years, banks have become more demanding with PV developers than 
before (Xiang 2017) and prefer granting loans to SOEs rather than to private companies 
(Jiwen 2016).  
As for solar manufacturers, they benefited most notably from national FDI attraction 
policies, financial and tax incentives, R&D subsidies, and access to the national Renewable 
Energy Development Special Fund (J. Shen and Luo 2015). Local governments were key 
players to support indigenous PV producers through local tax revenue, guarantee for loans and 
other benefits. The Chinese government also supports its PV industry as one of a number of 
key industries identified in the Catalogue of Chinese High-Technology Products for Export, 
updated in 2006 (S. Zhang et al. 2013a). PV manufacturers received export credits at 
preferential rates from the Import-Export Bank of China, as well as the China Development 
bank. Both of them are "policy banks," operating to support central government development 
programs. For instance, of the USD 41.8 billion invested in the global solar industry in 2010, 
USD 33.7 billion came from the Chinese government. The China Development Bank (CDB) 
was the prime source of this capital infusion. In 2010 alone, the bank handed out USD 30 
billion in low-cost loans to the top five PV manufacturers in the country. Between 2010 and 
2012, the CDB granted USD 43.2 billion in credit loans to Chinese PV manufacturers (Gruss 
and Brink 2016; S. Zhang and He 2013) . 
The fiscal policy has been narrowly applied in the field of renewable energy 
development in China, reserved only to some areas and companies in China. The Ministry of 
Industry and Information Technology also published necessary industry guidelines for PV 
manufacturers that have to be met since 2013 in order to receive financial subsidies, tax 
rebates and contracts for government programmes (Gruss and Brink 2016). Thus, only a 
limited number of companies was able to meet all the criteria, which restricted the fiscal 
incentives to a few players. The policy contains a taxation exemption for some imported 
renewable energy power generation equipment and its parts, including key parts of PV cells 
and large wind energy power generation equipment. Renewable energy production enterprises 
have been exempted from Income Tax by certain local governments, such as Xinjiang, Inner 
Mongolia, etc (Song, Jiao, and Fan 2015).  
V. Research and development  
The central government subsidises research and development on key renewable energy 
technologies through the NDRC and the Ministry of Science & Technology (MOST). The 
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latter also supports research and development through two national High-Tech Research and 
Development programmes: The 863 Programme supports the commercialisation of new 
technologies, and the 973 Program supports research in basic science. On average each project 
in the “973” programme received funding of 22 million RMB (USD 3.3 mln) over a time span 
of 5 years (S. Zhang et al. 2013b). Direct government funding for domestic R&D has 
therefore played a significant role in Chinese technology development, e.g. the 11th FYP for 
Science and Technology (2006-10). The participation of private investments in R&D 
activities is also expected to increase and become a driving force of the innovation process 
(OECD/IEA 2013). The Ministry of Industry and Information Technology imposed new 
regulations on PV manufacturers, requiring the reinvestment of 3% of revenue in R&D (Gruss 
and Brink 2016). However, the funding decreased significantly due to the PV industry crisis 
starting from 2012.  
Support through R&D funding is the key for innovation-driven progress in China. Yet, 
many experts point to the need for reforms of R&D funding mechanisms. Professor Wang 
mentioned the decrease in funding for new solar technologies by government in 2016 
compared to previous years (Z. Wang 2016). Moreover, the interviews conducted by Mischke 
revealed that the top-down approach in China's R&D system mainly favoured a few powerful 
scientists with strong connections to high-level bureaucrats in charge of research funding 
allocations (Mischke 2015). 
 
4.3: The market and its current challenges 
4.3.1: Industry 
Chinese companies succeeded, in a relatively short time, in developing the whole 
value chain of PV panel production and becoming the competitive manufacturing country. 
Additionally, for the first solar power plants constructed in 2009, China required that 80 
percent of each panel be made in China (Hochstetler and Kostka 2015). The policy of local 
content requirement helped transfer the technology and strengthen China's PV sector. Yet, it 
was not the only condition for the industry to succeed. The PV industry first became 
competitive internationally and only then started to explore the national market. Thus, an 
important factor played by government support through financial loans and fiscal incentives, 
translated into a long-term high-tech industrial policy. Currently, starting from the purification 
of silicon raw material to the production of PV panels, the whole value chain is present in 
China with competitive prices. Chinese solar industry companies quickly became 
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internationally recognised. Suntech, Trina Solar, Solarfun, Yingli, JA Solar and China 
Sunergy were listed either in the Nasdaq or in the New York Stock Exchange.  
Yet, production has recently come concentrated within 10-15 companies through the 
whole value-chain. The top 10 wafer manufactures shared 77% (as of 2015) of the total wafer 
production in China (CPIA, 2016). The same situation is observed in other segments, such as 
PV panel production or solar cell manufacturing. This is explained by the antidumping 
measures and overcapacity crisis which resulted from the decrease in foreign demand. In 
order to survive and stay competitive, the Chinese companies often merged into one, mainly 
controlled by State-owned enterprises.  
 “This year (2016) the capacity has been increased to 15-20 GW, and in the 
next few years the market is not expected to increase so fast. The market goes 
to the stable growth, and consequently many companies of small and medium 
size would disappear very soon” (Li 2016b).  
The overcapacity crisis caused a reduction in the average price of solar modules from 
36 RMB/Wp capacity ($6 USD/ Wp) in 2007 to an average of 4.04 RMB/Wp ($0.66 
USD/Wp) in 2015 (X. Liu 2016). Not many manufacturers could stay competitive with such a 
price drop. For example, Suntech went bankrupt in 2012 due to the long-term contract it had 
signed with an American company and after the price of wafers dropped, Suntech could not 
deliver the wafers anymore and had to pay penalties (Dong 2016). The reduction of subsidies, 
anti-dumping measures resulted in the fall of solar equipment exports by 10 percent between 
2015 and 2017. Nevertheless, China still remains one of the largest equipment exporters in the 
world, accounting for USD14 billion in solar equipment exports in 2016 (Yuyun and Feng 
2017).  
4.3.2: Large-scale projects 
China’s total national PV capacity doubled from 43 GW at the end of 2015 to 78 GW 
by the end of 2016, and it accounted for about 3% of the nation’s electricity mix at the end of 
2015. This new added capacity brought global solar energy capacity to 306 GW with a 
significant Chinese presence (Pyper 2017). In 2016 only, Chinese manufactures produced 
around 43 GW of solar panels, corresponding to 70 percent of global output (Bloomberg 
2016). Currently, the Chinese market is not only the global factory supplying solar products to 
the whole world, but also an emerging investor in PV power plants in China and abroad. Thus, 
what happens in China matters to the whole global industry as it represents a large portion of 
the overall solar market.  
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Despite unprecedented growth in recent years, the PV market faces many barriers, as 
was highlighted by the representative of the PV association: “There are three huge mountains 
in front of us: curtailment, reduction of incentives and lack of land” (Li 2016b). 
Curtailment is the well-known problem since 2011 in China when the output of 
renewable energy farms is curtailed at certain times due to the excess of power production and 
lack of transmission lines to transmit it to consumers. As we can see in figure 31 the provinces 
which are most affected by curtailment are in the Northwest of China. As the concentration of 
power demand is on the costal southeast area and vast land with good solar irradiation is 
available mainly in the northwest, transmission lines are of crucial importance for the Chinese 
electrical system. In many provinces, the projects are unable to connect to the grids, or 
provincial subsidy quotas are falling short of grid-connected capacities. Consequently, 
Xinjiang and Gansu provinces haven’t received their 2016 quotas due to the curtailment of 
30% of produced energy. 
Figure 31. Solar curtailments in Northwest areas, 2016 (left); Solar installation vs. 
power generation (right) 
 
Source: (ZHU 2017) 
*1H16 and 2H16 means first and second quarters of 2016 
However, despite the belief that it is a purely technical problem which could be 
resolved through the construction of more grids as well as through smart grids, it also has a 
political aspect related to the mechanisms of the electrical power market regulation. The 
establishment of a spot market enables buyers to buy cheaper and available energy, where 
prices and amounts are based on supply and demand. Renewables would definitely benefit 
first from a spot market, as it allows the selling of cheap overproduction of energy at the time 
when it is sunny or windy. Many interviewees agreed on the urgency of the spot market 
establishment for renewable energy development and the increase of its competitiveness.  
‘In China there's no electrical power market, so the FiT for coal power is also 
formulated by the government, and the government regulated quite low price 
levels for coal power plants, and from these power plants they need to have a 
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guaranteed output. For example, at least 4,000 hours must be operated by coal 
power plants. That's why the PV and wind energies had to be curtailed. The 
FiT was regulated by the central government and the investment for the coal 
power plant is fixed, so this means, if the FiT is fixed, the operating hours each 
year in these coal power plants were also pre-determined.’(Shi Jingli 2015) 
To ensure the successful implementation of reforms, leaders usually have to align their 
ideas with local interests, in order to avoid mistakes when implementing new policies, China 
usually experiments with new policies in what is called “test points” (Zweig 2017). These are 
places, locations where they will experiment and check if the policy works, and only then will 
it spread at national level. ‘In some part of Inner Mongolia and Guizhou, free trading 
mechanism has been tested, but it is not really free yet. They (local governments) are going to 
take the experience of Europe as a base to transform the existing market. If successful, then 
the share of renewables would increase.’(Xie 2016) 
While the curtailment problem could still be solved in some cases with the technical 
solution of constructing new lines, it could be more challenging to resolve other barriers, such 
as lack of land, decrease in investments and delay in FiT payments. The lack of land and high 
capital investments actually provide incentives for companies to become more efficient in 
terms of produced energy per square meter. This trend is seen not only in the solar sector, but 
in the wind sector as well.  
“When 10 years ago I just came to Beijing, everything was about volume and 
now it is more about the optimization - how do we optimize the energy 
production from the installed already wind farms? From the corporate finance 
prospective, the company which invested in a renewable project has a high 
debt, so part of the revenue goes to pay debt and overall revenue goes down. If 
a company doesn’t pay the debt it will go bankrupt. So now, there is new wave 
on how to optimize production.”( Furtado 2016). 
The problem faced by large-scale PV developers play in favour of DG deployment. 
While the incentives for large-scale PV projects are decreasing, the FIT tariff for DG remains 
the same. This indicates possible growth of DG in the coming years, especially in the 
northwest of China, where the curtailment rates are high. “But at the present the capacity of 
distributed PV is too low, is no more than 7 GW, that means no more than 20% of the total PV 
capacity” (Shi Jingli 2015). 
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4.3.3: Distributed Generation 
Chinese PV capacity is mainly based on utility-scale projects and accounts for about 
80% (Jian 2016), while Distributed Generation (DG) has just started to be deployed. This is 
explained by the fact that in cities the space on the rooves is limited, while outside of the big 
cities households often don’t have financial resources or enough knowledge to install the 
systems (Xiang 2017). Yet, with the curtailment problem provoked by the limited capacity of 
transmission lines, among other problems, government diverted support from large-scale 
projects to DG, which doesn’t require high capacity transmission lines and often the energy is 
consumed in the same location in which was generated.  
The policy redirection toward DG can be seen in the incentives, which prioritise DG 
over large-scale projects. In 2015 the bureaucratic process for DG was simplified, the system 
got priority in the approvals, and the FiT are paid after the DG project is approved in the Build 
plan without needing to be listed in the RE Subsidies catalogue, as is required for large-scale 
projects. DG in China is defined as “projects with generation close to the user site, 
instantaneously consumed by end users themselves”, the installations could be under 20 MW 
with a 35kV connection, under 6 MW with a 10kV connection, or under 500kW with a 400V 
connection (M. Tan 2017). Prosumers - producers who are also consumers - have relative 
freedom in China regarding what to do with the produced energy. Thus, they could opt for one 
of these options:  
Figure 32. Zhejiang province distributed PV installation revenues (RMB/kWh) 
 
Source: (M. Tan 2017)  
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- Self-consumption. Usually, it is a more advantageous option due to a lack of 
transmission line capacity and as shown in figure 32, the price reaches the highest 
rate of 1.63 RMB/kWh. 
- Sale of the excess: the energy producer can overproduce and sell the excess to a 
utility company, receiving 0.94 RMB/kWh. 
- 100% sales to grid: the energy producer sells 100% of produced electricity to the 
grid company, and receives 1.04 RMB/kWh. 
Moreover, apart from the FiT tariffs for DG mentioned above, some local governments 
provided additional subsidies for projects. For example, local governments of Tibet, Qinghai, 
and Inner Mongolia pay for a part of the PV system capital costs, adding 100 to 300 RMB per 
household to the farmers in remote areas who purchase PV or small wind power generation 
systems (Song, Jiao, and Fan 2015). 
In China, DG is growing at an extraordinary rate, driven mainly by farmers who use 
the panels to power agricultural equipment that might not be connected to the grid (Zhang et 
al. 2015). Yet, despite the support from local and central government to boost DG, it still 
faces many barriers, such as following: 
-  The uncertainty about project returns and sustainability of government policy 
within the population. This means that people are afraid to invest in costly solar systems 
without any guaranties that government will not stop paying the FIT later. This is quite a big 
barrier mentioned in research work (F. Zhang et al. 2015) and by many interviewees (Jiwen 
2016; Xiang 2017). They all mention the lack of advertisement and awareness within the 
population about the economic return of PV systems. The FIT tariffs are paid from the 
renewable energy fund for 20 years and the payments are distributed through local grid power 
supply enterprises. Yet there are many provinces where the payment is either late or isn't 
made at all by the local companies. Moreover, people are afraid that the FIT will be reduced 
as has happened with the tariffs for large-scale projects, which might affect their payback 
time. The aggravation of this factor depends on further government policy: if the FIT 
payments were reduced, thus payback time would be increased and less people would want to 
install the system.  
“For us, as a PV system’s installers, the most difficult is to convince people 
about the sustainability of FIT payments by the government. As it is a high 
capital investment, they have to be sure that the government policy regarding 
the FIT tariffs won’t change in the next years in order to have an estimated 
payback”. (Xiang 2017) 
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- The average loan interest rate is 10% in China, but the government requires 
banks to provide 7% loans to the renewable energy sector, including PV projects. Yet the 
smaller installers usually can only get loans with interest rates of 10–15% (F. Zhang et al. 
2015). Thus, payback time becomes too long (5 to 7 years) for Chinese families. From the 
banks’ perspective, they are not confident about the constant payments and prefer to invest in 
PV manufacturing or large-scale projects (Li 2016b). Yet, many people actually prefer to save 
money rather taking a loan to purchase the PV system. 
“Chinese culture is different from the western one. Normally people would 
save money and take the loans only to buy something big, like a house or a car. 
For other things, family would tend to save money and then buy with 
cash”.(Jiwen 2016) 
- Lack of suitable roofs. In China there are more vertical than horizontal 
buildings, and even if the consumer would like to install the system it often won’t be possible 
due to the lack of space or the technical characteristics of the rooftops (weight limits or short 
lifespan). “We don’t have our own roof, that’s a biggest difference between us and 
Germany”(Li 2016b).  
- Standards for PV projects. Due to the lack of high standard requirements, many 
integrators would install poor quality systems, which would break down in short time, 
damaging the reputation of PV systems. Moreover, China has relatively weak legal and 
institutional mechanisms for enforcing contracts and integrator’s responsibilities (F. Zhang et 
al. 2015).  
- According to He et al.’s study, the scale of access to DG is not large, and its 
impact on the profits of grid power supply enterprises is not obvious. However, with the rapid 
development of the sector, its impact on grid power supply enterprises will increase, which 
would create an additional barrier for the sector’s deployment. They propose to establish a 
special compensation mechanism for grid companies based on the calculation of additional 
costs which resulted from DG (He et al. 2016).  
4.3.4: Chinese overseas investments in solar energy  
Through recent years China became an important world creditor in many different 
areas. In 2016, China’s outward direct investment (ODI) in greenfield29 projects as well as in 
mergers and acquisitions reached almost USD 190 billion, which represents 10 % of the total 
                                                 
29
 A green field investment is a form of foreign direct investment where a parent company builds its 
operations in a foreign country from the ground up (Investopedia) 
142 
 
global ODI flow (Flink 2017). While Brazilian investments in solar or wind overseas projects 
are almost absent, China became one of the leading investors in renewable energy over the 
past decade. In 2013, China invested nationally more in renewable energy (USD 56 billion) 
than all EU countries (USD 48 billion) (Frankfurt School-UNEP Centre/BNEF, 2015). 
Additionally, it has a broad impact on the renewable energy project’s development abroad.  
According to the study of X. Tan et al. China has made at least 124 investments in 
solar and wind industries in 33 countries over the past decade, investing USD 40 billion
30
(X. 
Tan et al. 2013). Investments were made mainly in solar projects, which accounted for 81 of 
the total number of 124 wind and solar investments. Among the top five destination countries 
are USA (24 projects), Germany (15), Italy (11), South Africa (4) and Bulgaria (4). 
The growth in renewable energy investments could be explained by various reasons: 
 The willingness to broaden its soft power and access to innovations abroad 
that could upgrade Chinese economy. For instance, driven by the problem of curtailment, 
Chinese companies are eager to discover affordable and sustainable solutions for energy 
storage. Thus, they were investing largely in companies working in this sector in developed 
countries, as has happened with German equipment manufacturer Manz by Shanghai Electric 
(Flink 2017). 
 The pattern of the Chinese export-based economy resulted in a vast 
accumulation of foreign currency, creating pressure on the appreciation of the renminbi and 
domestic inflation. Thus, the increase in overseas investments remains an effective tool to 
rebalance the country’s balance of payments (X. Tan et al. 2013). 
 The “Go Global” strategy was proposed in the 10th Five-Year Plan in 2001. 
After the overcapacity crisis in many industries, Chinese governments introduced a number of 
policy tools to encourage overseas expansion. For example, in 2009 NDRC issued a circular 
“Curbing Excess Capacity and Redundant Construction of Several Industries and Promoting 
Healthy Development of Industries, including wind equipment and polysilicon”. The 
document encouraged the internationalisation of wind and solar companies (X. Tan et al. 
2013). 
“The ministry of Commerce (MOFCAM) invested in the industrial park in 
many countries and opened these locations for Chinese companies. For 
instance, in Thailand’s industrial park Chinese companies would benefit from 
                                                 
30
 This number depends on the sources and the counting method, for example Apricom argues that 
China has invested USD 25B in alternative energy companies during the past 10 years. 
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land and tax incentives. Government encourages the companies to think big 
and they try to do so” (Li 2016b).  
 Access to relatively low-interest capital. Mainly the policy banks such as the 
Chinese Development Bank (CDB) and Export-Import (ExIm) Bank of China, enabled 
Chinese SOEs and to a lesser extendt private companies to invest overseas. They designed 
special loans offering lower interest rates compared with other international banks that 
allowed Chinese companies to gain additional competitiveness (X. Tan et al. 2013). 
 Chinese companies do not just export or manufacture their products abroad; 
they invest in energy projects, as this creates an additional market demand. The study of X. 
Tan et al. (2013) shows that Chinese companies mainly invested in PV power plants (41%) 
rather than the establishment of factories (16%). It appears that the top solar exporters set up 
foreign subsidiaries mainly to support the exporting of their products manufactured in China, 
whereas the smaller manufacturers invested in constructing solar power plants to open up new 
markets for their products (Jiwen 2016).  
It is important to note that China finances not only so called green projects. Around 
66% of power generation projects financed by Chinese banks abroad are in the coal sector, 
while hydropower plants take second place and renewables projects third (Gallager, Kamal, 
and Wang 2016). Indeed, Chinese government took the responsibility to reduce emissions in 
China, but it said nothing about their increase abroad. Due to the new policy on reduction of 
coal consumption, coal power plant equipment will need to find a new home outside of China. 
Thus, there is an increasing risk that instead of reducing the overall GHG emissions, they will 
be just shifted from one country to another.  
Another risk, created by the increase of Chinese companies’ presence abroad, could be 
their behaviour patterns in the recipient countries. Chinese companies (mainly SOEs) tend to 
reproduce identically the strategy used at home and often limit the negotiations to just the 
local government. Often due to the lack of consideration of environmental or community 
issues, they repeat the same patterns of behaviour despite the continuous failures in their 
projects abroad (Guo 2016). Thus, a more profound study of the internal behaviour of Chinese 
SOEs is needed to build a better understanding of their behaviour abroad, as was argued by 
Economy and Levi (2014). Thought, it is not certain that Chinese internal behaviour will 
always be equal externally, as we can see with European companies which can be responsible 
in their countries and not abroad. Nevertheless, it is important to analyse the micro and macro 
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levels of Chinese development to be able to understand or forecast its behaviour in foreign 
countries.  
4.4: Role of society and identity 
The role of society and identity are of great importance in order to understand the 
whole picture of solar energy development in China. Despite China's state-centric political 
systems, in section 4.1 we have identified other players who influence the decision-making 
process, including civil society. Moreover, we will explore three pillars of the solar energy 
concept which can be also pertinent for China: environment, innovation and society. 
Civil society emerged in the mid-1980s in China with Deng Xiaoping’s opening 
reforms. Many civil society organisations were founded, but had to be attached to the 
government bodies corresponding to their activities and had to be registered at the Ministry of 
Civil Affairs (Yu 2009). By 2008, there were around 3,539 registered groups acting in the 
environmental area and who had the right to participate in the public hearings (Ferreira 2017). 
Due to this regulation process, a new type of NGO has emerged in China, called “Government 
Organised Non-Governmental Organisation” (GONGO). Yet, the need for the representation 
of civil society translated into the creation of so-called grassroot movements which emerged 
simultaneously with GONGO but without government approval, often acting illegally 
(Barbieri and Ferreira 2017). The emergence of civil society has shaped the identity and is 
still in the formation process.  
In China, there is currently, an increase in social mobilisation concerning nature 
preservation, pollution from industrial development, negative social-environmental impacts of 
certain development projects. Despite the fact that energy is a vital issue in China and impacts 
everyone’s daily lives, it is not widely discussed in public (Guo 2016). However, many 
environmental NGOs are concerned with energy issues when they become related to their 
work. Organisations such as Friends of Nature, Green Earth Volunteers and Green Watershed 
are doing important information gathering, campaign and advocacy work on energy topics, 
mostly hydropower plants. On the other hand, while Chinese NGOs might not be so focused 
on energy, international and foreign NGOs are working extensively on issues relating to 
energy in China. The foreign NGOs such as WWF and Greenpeace, North American NGOs 
such as the National Resources Defence Council (NRDC), and many others international 
players have shaped the debates on energy topics (Gao 2016; the Global South 2013). Despite 
the large number of civil society organisations, there is still a lack of knowledge about the PV 
technology amongst the population. Moreover, universities still also lack courses about solar 
energy within the regular curricular of specialised faculties (Jiwen 2016).  
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There are many different environmental organisations that went beyond the big cities 
and exist throughout almost all provinces. Many of these are voluntary, charitable, 
educational, or relief organisations. Professor Jin Jun argues ‘that there are more protesters 
who participate in collective actions not because of their economic interests, but because of 
other motivations, as the value or some kind of norm or ideology’. Indeed, NGOs are mainly 
(though not exclusively) made up of the urban intelligentsia, instead of attracting communities 
and workers directly (Jin 2015). 
For instance, the Green innovation hub is a local NGO/think tank established in China 
in 2010, focusing on ocean conservation, it oversees finance and green finance. The 
legitimacy of the NGO is not the same, as the NGO’s normally represented by the people who 
donated money. But in China you can’t fundraise from people, but only from foundations or 
companies. So we don’t have the same legitimacy and people didn’t really give us right to 
represent them. So we can say that we represent a common good. (Guo H. 2016) 
Amongst the main problems that environmental NGOs in China embrace in the energy 
sector is the construction of large hydropower dams and this is associated with displacement 
issues, as with the Three Gorges Dam campaign. Yet, Professor Jin Jun concludes that ‘the 
campaign succeeded only because many different opinions in relation to this project were 
presented within the government. Thus, drawing the conclusion, that the protests could be 
successful if different opinions within the government are presented, otherwise if they have the 
same standpoint on the project, probably the space or the possibility for the collective protests 
will be much lower’ (Jin 2015). Regarding academia, he distinguishes two kinds of 
publications within the field of Chinese environmental sociology: one is focused on 
environmental awareness and consciousness of the Chinese people. They conduct surveys 
about how environmentally friendly the Chinese population are right now. Another type of 
research is focused on environmentally-related protests (Jin 2015).  
For instance, study by Wenling Liu et al. demonstrated that rural residents are 
generally supportive of renewable energy development given its positive impacts on the 
environment and the economic returns for the household. Moreover, the authors found that the 
probability of occurrence of positive intention increases with household income, individual 
knowledge level and belief about costs of renewable energy use but decrease with individual 
age (W. Liu, Wang, and Mol 2013). However, they also indicate that without the 
government's intervention and incentives, the rural population wouldn’t be able to benefit 
from renewable sources.  
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In order to better understand which idea behind the solar energy concept prevails in 
Chinese society, a small survey
31
 was conducted within the author’s social network, similar to 
the Brazilian case. The questions were similar to those of the Brazilian survey: “When you 
hear about solar energy, which words come to your mind first? With which words do you 
associate solar energy?” The results demonstrated that of 52 respondents: 52% associated the 
solar energy concept with the environment, 31% with innovation and 17% with society. 
Similarly to results in Brazil, for the Chinese, solar energy is associated first of all with the 
environment and emission reduction. However, Chinese consumers didn’t opt to invest in PV 
systems because of the environmental benefits, but rather looked for the possibility to save 
money in the long run. 
The low importance of social opportunities and scarcity of literature on this subject, 
demonstrates first of all a lack of awareness within the population regarding the social impact 
that solar energy could bring. Beyond the empowerment of local communities and the 
possibility bringing them cleaner sources of electricity, the Chinese social programme also 
demonstrated how PV systems could reduce inequality and bring additional income into the 
households. As described in the second chapter, China initiated solar energy policy to provide 
access to energy for the remote areas. After achieving (at least in theory) this goal, it 
continued to use solar energy as part of social policy, alleviating poverty through FIT tariffs.  
Moreover, the importance of the gender issue in solar energy is also presented within 
Chinese communities. There is limited information regarding the solar energy and gender 
question. According to the study made by Ding et al., when biomass or coal energy sources 
are replaced by solar, women are free from having to collect firewood (Ding et al. 2014). The 
project integrated the use of renewable energy including biogas digesters, energy saving 
biomass stoves and solar energy cookers. The time women spend in firewood collection and 
their human energy consumption greatly decrease when traditional energy consumption 
structures are improved; using biogas they can save 50% of daily cooking time; 91% of 
women use surplus funds from energy saving to buy clothes and cosmetics; 3.1% of them 
enjoy travelling; finally, the use of clean energy devices can further reduce the risk of women 
being exposed to indoor smoke pollution, and hence prevent women from possibly getting 
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 The criteria to take part in the survey was to be Chinese. Educational background and knowledge 
about solar energy were not required. Due to the fact that I was no longer in China when I decided to do this 
small survey I only managed to obtain 52 answers. The survey respondents were mainly from 20-40 years old, 
speaking English, yet older participants also replied to the questionnaire. The survey was done in English 
through wechat messaging system. The author acknowledges that this is a small and non-representative survey, 




respiratory diseases. The author argues that gender is an important aspect of energy issues, 
which has previously been ignored by many researchers and should receive more attention in 
China.  
There are many studies conducted by international organisations and researchers from 
other developing countries which emphasise the importance of gender issues in solar energy 
development, as was mentioned in section 3.4. However, similarly to the Brazilian case, the 
gender question is poorly covered by Chinese researchers and needs to be further investigated.  
Possibly one of the biggest obstacles for PV development, according to the work of 
Thompson and Lu is Chinese people’s expectations and beliefs concerning energy (Thompson 
and Lu 2006). In simple terms, individuals and organisations need to stop seeing energy as a 
public good and start treating it as a valuable commodity to be used with care. The last ten 
years have seen a change in Chinese people's outlook on the environment. The same is now 
needed with respect to energy, as is happening in many other countries (Meidan, Andrews-
Speed, and Xin 2009). 
Regarding China's policy approach to renewable energies, government placed the 
priority first on developing a renewable energy manufacturing industry and later on increasing 
national renewable energy production. The three ideas underlying this policy approach, 
according to S. Zhang et al.’s study, are the following: green development, low-carbon 
leadership and indigenous innovation (Zhang et al. 2013a).  
Literature reviews and personal exchanges with experts confirmed the importance of 
the innovation side of solar energy. From the governmental perspective, it seems that it uses 
the renewable energy sector to build a new identity: the identity of innovation. The word 
‘independent innovation’ (自主创新 zìzhǔ chuàngxīn) which literally means "endogenous 
and/or indigenous innovation” is often used to describe Chinese technology-led economic 
transformation (Shi 2010; Wang 2016). This concept became a core idea of Chinese economic 
reform. Indeed, China has benefited largely from globalisation and depends on the external 
market. In order to continue its economic growth it has to innovate and most importantly 
convince foreign markets that it is capable of innovating. The importance of high technology 
to change the rooted perception of China as a low quality manufacturer, incapable of 
innovating could be traced in macro and micro policy. For instance, in 2017 I was invited to 
the forum “Xinovation: the Identity of innovation”, organized by Peking University and 
financed by the Chinese government. The main objective of the forum was to show how 




For Chinese people the word innovation (创新 chuang xin) is perceived differently 
throughout time. From an ancient perspective the word innovation was perceived critically, as 
people preferred experience to novelty. This is why the Chinese are famous for respecting 
traditions, history and older generations. From this traditional idea, innovation means 
rebellion, or the challenging of experience, older generations and authority (Huang 2016). 
This ancient perception of innovation was proven by the study of Joseph Needham (1900-
1995). He asked the famous question “why have China and India been overtaken by the West 
in science and technology, despite their earlier successes?” One of the answers to this question 
is the ancient perception of innovation (Winchester 2008). The Chinese tend to be more 
conservative and thus they don’t accept innovation so quickly.  
Yet, if innovation comes from the government or the authorities, then it can be better 
accepted. Thus, as renewable energy came from the government, the acceptance was more 
positive. Since the beginning of communist party rule, government tried to challenge the old 
rules that they believe failed to advance China. For example, the Party believed that the high 
level of illiteracy was due to the difficult structure of Chinese characters and they simplified 
it. China experienced strong identity crises, when it refused the past and traditions and was 
searching for a new identity (Huang 2016). Thus, nowadays the word innovation has been 
perceived more positively. Innovation often goes together with the meaning of revolution or 
changing the existent patterns. As Chinese society has experienced many revolutions during 
the last decades, it could more easily absorb the innovations than it would in the ancient times 
(Z. Wang 2016).  
In the traditional Chinese apprenticeship process, such as calligraphy for instance, 
students would first copy the works of masters until they learned the technique and only after 
this were they allowed to create their own work (Huang 2016). Applying this concept to 
technology upgrading, Chinese society appears to follow this traditional way of learning: first 
copying the technology and only afterwards introducing novelty. My perception would be that 
this learning curve came to the point when the Chinese started to be more innovative and the 
solar sector is good example of this process. Yet, now China faces another barrier — the 
perception of China as a not very innovative country with low quality products. The Chinese 
government is investing heavily in changing this vision of Chinese products nationally and 




4.5: Final considerations 
This Chapter aimed to provide a full picture of solar energy development in China, 
revealing the actors, policy, market and society together with identity questions. The research 
unveiled the main players of the solar energy sector in China, which is not limited to 
governmental organisations, but also demonstrated the importance of SOEs, local 
governments and civil society. Overall, Chinese solar energy policy actively supports the solar 
energy sector and in particular industry on the local and central level through subsidy policies.  
My research indicated various tools the Chinese government uses to support the solar 
energy sector. However, as well as supporting it, the subsidy policy could harm the industry 
resulting in overcapacity and bankruptcy, as has happened recently with Chinese PV industry. 
For example, W. Zhang and White argued that the government has to let entrepreneurs 
identify opportunities and build the organisational capabilities. The government’s support 
should last only until the companies can be viable on their own and avoid the creation of 
dependence on government subsidies. Instead of direct support, government could facilitate 
the administrative process by which entrepreneurs establish new firms; invest in supporting 
infrastructure and human capital domestically; create an environment that attracts human 
capital from abroad (Zhang and White 2016).  
However, none of the researchers or the interviewees questioned the importance of 
government support at the beginning of the industry formation process. Moreover, the solar 
sector as a whole is still at the initial stage of its formation and still suffers from many 
barriers, as was demonstrated. The Chinese solar energy sector is highly dominated by large-
scale solar power projects, while DG has just started to be explored. The preference toward 
DG incentives could be observed, while the existing barriers limit its potential development. 
The PV industry is quite mature and started the process of consolidation amongst fewer big 
companies.  
Another significant aspect of Chinese solar energy policy which was unveiled is 
overseas investments. China plays not only the role of global PV factory, but also of 
worldwide investor in renewable energy projects. Evidently, investment in solar energy 
projects worldwide is a small part of the total ODI this is the important condition to consider 
for the analysis of Chinese policy. It became an important world player, reorienting its image 
from that of world polluter to one of a green energy pioneer. Moreover, it is an important 




Very little was found in the literature on the question of identity and society in relation 
to solar energy in China. Several studies on this subject revealed the emergence of civil 
society and the importance of the reshaping of Chinese identity towards that of innovation. 
Three main pillars were explored in relation to solar energy: identity of innovation, 
environment and society. Despite the significance of the environmental aspect of solar energy 
in people's perception and in official discourses, the innovation aspect was fundamental for 




Chapter 5: Comparative analysis 
This final Chapter will summarise and compare the findings from the previous four 
chapters. The third and fourth chapters served as bases for a deeper understanding of the 
overall solar energy sector in Brazil and China. The historical part exposed in the second 
chapter placed the current solar energy sector in the context of the historical development path 
of the electricity sector as well as the relationship between private and public sectors in the 
case of Brazil and central-local governments in case of China. The first chapter placed both 
perspectives in the global context of solar energy development, constructing more complete 
analyses.  
Firstly, the brief comparative analyses will be conducted according to the structure of 
the third chapter: policy, market and society. This study set out the aim of assessing the 
barriers and drivers of solar energy in Brazil and China, which are illustrated in the tables 
below. Later, the final findings will be discussed according to the methodology and the 
proposed concepts in the categories of Institutions, Interests and Identity.  
Solar energy perspectives in Brazil and China 
PV technology has a great potential in both countries due to the high solar irradiation. 
However, good irradiation is not the only condition for the technology to spread. 
Competitiveness and possibility to compete with other sources also play an important role in 
the sector’s growth. Table 7 reveals that PV became a competitive option in Brazil and China: 
when compared to Europe and the USA where the LCOE price per USD/MWh is higher. The 
conventional sources such as coal and hydro are still cheaper than PV, while on-shore wind 
energy is coming closer to being competitive with fossil fuels and large hydro.  
Table 7. Comparison of energy sources’ LCOE across selected countries (USD/MWh). 
Technology Brazil China USA Europe 
PV 78* 79-145 103-199 123-362 
On-shore wind 55-99 72-82 52-79 85-151 
Hydro 30 28 87-194 40-388 
Coal N/A 82 104 83-114 
Source:(IRENA 2015a; EPE. 2016a) 
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* At the most recent auction in Brazil, PV got an even lower price, reaching 43 
USD/MWh. As for other countries more recent data was not available, the price of the 2015 
auction was used. 
Recent auctions in Brazil (see Table 4) and the decrease of solar energy subsidies in 
China have demonstrated a potential for PV costs to decrease and become a competitive 
option compared with conventional fuels. In both countries the experts forecasted a 
prosperous future for solar with annual double digit growth. Yet, the speed of the sector’s 
advance depends not only on technological and market capacities to decrease prices and 
increase efficiency, but also on the political capacity to construct public policy, which 
includes more complex analyses of solar energy sector.  
Based on the previous chapters, the main drivers and barriers are summarised in tables 
8 and 9. This will enable a further comparison between countries in the framework of selected 




Table 8. Main drivers of the PV sector in Brazil and China 
Drivers Brazil China 
Policy Market-led development State-led development 
• Solar energy auctions 
• Net-metering system 
• Feed in tariff system for large-scale 
and DG; 
• PV Top Runner Program 
Ideas, 
Drivers 
• Reduce hydro-dependence, 
diversify and secure electricity 
mix; 
• Spur economic development  
• Develop high-tech sector 
• Bring energy to the remote areas 
• The reduction of emissions 
• Reduce coal dependence, diversify 
and secure electricity mix; 
• Technology-led economic 
transformation 
• Soft power and access to innovations  
• Improve environmental situation 





• "Luz para todos"  
• Integration of PV systems in 
"Minha casa, Minha vida". 
• Poverty alleviation programme 
through PV system, as well as 
previous programmes to bring 




• Tax rebates and access to 
relatively low-interest capital 
from the development bank 
(BNDES)  
• Tax rebates and access to low-interest 
capital at development banks. 
Economic 
drivers 
• National demand and high 
expectations of solar sector 
growth  
• Overseas investments, technology 
transfers 
• High electricity prices 
• Emergence of new industry, 
creation of new direct and indirect 
jobs 
• Fiscal incentives 
• Demand from overseas and recently 
emerged national demand  
• Overseas demand, search for new 
markets; 
• Emerging national demand; 
• Search for innovation, efficiency and 
optimisation; 
• Fiscal incentives 
Environment
al drivers 
• Increase the share of renewables 
(other than hydropower) in the 
power supply to at least 23% by 
2030. 
• Increase the use of non-fossil fuels to 
20% of energy consumption by 2030. 
Society and 
Identity 
• Local acceptance and overall 
positive perception 
• A number of communities are still 
without energy access 
• NGOs and new institutions 
influence solar energy policy 
• Empowering populations from 
remote areas, especially women.  
• Local acceptance and overall positive 
perception 
• Salient role of solar energy in the 
rebuilding of China's image as the 
nation of innovation 
• Reducing inequality, empowering 
populations in remote areas, 
especially women. 
Source: Elaborated by author 
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Table 9. The barriers to solar energy development in Brazil and in China 
Barriers Brazil China 
Policy • Unstable political and economic 
situation, inadequacy of industrial 
policy regarding PV industry; 
• Absence of targets and auction 
consistency; 
• Lack of capacity building, and 
innovation-driven programs  
• Decrease in feed in tariff rate; 
• Lack of high standards; 
• Lack of capacity building programmes; 
• Curtailment and subsequent absence of 
spot market. 
Infrastructure • Lack of roads • Lack of transmission lines and 
insufficient capacity 
• Lack of adequate land for PV projects 
Market • Lack of national incentives; 
• High tax burden 
• Reduction of national incentives; 
• International trade barriers 
Financial 
incentives 
• High-risk perception 
• High upfront costs and lack of 
affordable credit lines 
• Lack of affordable credit line for 
individual producers 
• High-risk perception 
• Prioritising of SOE for loans 
Research • Lack of incentives for research and 
innovation technology; scarcity of 
specialised workforce.  
• Poor connection between 
universities and industry or 
decision-makers 
• Decrease in R&D funding 
• Need for PV courses in universities 




• Futuristic perception of solar 
energy 
• Lack of awareness regarding the 
social benefits of solar energy 
• Treatment of energy as a public 
good 
• Few institutions or mechanisms to 
disseminate information 
• High capital costs limiting the use 
of solar energy to the rich classes. 
• Need for further integration of 
solar energy with social policy 
• Lack of awareness regarding the social 
benefits  
• The innovation culture is still under 
formation 
• Lack of institutions or mechanisms to 
disseminate the information 
• Treatment of energy as a public good 
• Legitimacy of national and 
international NGOs 
 
Source: Elaborated by author 
A closer inspection of the tables shows many similarities of drivers and barriers 
between the Chinese and Brazilian solar energy sectors. Despite apparent differences, the 
solar energy sectors in both countries have many common points, which might enable further 
cooperation between the countries in order to overcome problems jointly. In the following 
155 
 
sections, the drivers and barriers will be analysed in more detail in the framework of Identity, 
Interests and Institutions. 
5.1: Institutions 
Institutions are defined by Kopstein as the authoritative rules and organisations which 
structure political life. They are highly connected with interests and identities, transforming 
this interconnection into public policies. The global context influences domestic institutions 
and these institutions, in turn, affect developmental paths by influencing identities and 
interests. In the case of solar energy, the global market influenced the development of solar 
energy in both Brazil and China. The guiding questions for this section would be: Which 
institutions drive solar energy development? How does the global context influence domestic 
institutions and how do these institutions, in turn, affect developmental paths by influencing 
identities and interests? 
The development of Chinese solar energy was a reaction to a foreign market demand, 
especially coming from developed countries. When western developed countries directed their 
policies towards the support of solar energy, the Chinese emerging private sector rapidly 
responded with an increase in production capacity, which consequently decreased solar cell 
costs. The Chinese PV sector created a strong dependence on western market demand, 
exporting approximately 90% of its PV panels. Later, when developed countries launched 
antidumping policies, the Chinese PV industry entered an overcapacity crisis and required the 
intervention of the State and of SOE companies. The crisis resulted in the consolidation of the 
market and the search for new markets overseas. Chinese companies started actively investing 
overseas in both manufacturing and power plant construction, which created an additional 
demand the industry craved for.  
In 2008 a continuous price decrease began and prices reached their lowest level in 
2012, at less than one dollar per Wp. The low prices of PV technology raised the Brazilian 
government's interest in it and a set of incentives were established. First, in 2011, the 
government launched an R&D call to analyse the viability of solar energy in Brazil and to 
construct pilot projects. In 2012, ANEEL introduced the net-metering system, which boosted 
DG. In 2013, the first solar-only auction was launched. The Brazilian government's sudden 
and rapidly established support policy appears to be tightly connected with the international 
market development of solar energy. Despite the fact that PV technology had been used 
previously in government programmes such as “Luz para todos”, the PV sector didn’t flourish 
in Brazil until the support mechanism was established. 
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The Brazilian PV sector emerged in a global context in which Asia was a gravitational 
centre of the PV industry (Souza and Cavalcante 2016). The decrease in the costs of PV 
panels enabled the participation of other southern countries. South-South trade grew faster 
from 2004-2011 than the global and north-south trade in the same categories, with a high 
share of renewable energy goods.  
As was described in the methodological part of this thesis, an important factor 
affecting how societal interests and identity influence public policy is whether the state is 
strong or weak (Ostrowski, 2010). The second, third and fourth chapters aimed to place the 
States of Brazil and China in the historical and present time-frame and analyse the capacity of 
the States regarding energy policy. How much autonomy, capacity, resources etc. do they 
possess in their decision making process in the energy sector?  
The decision-making process in both countries could be divided into 3 groups (Ahrens 
2013): 1) government gives the guidelines and elaborates the legislation; 2) central and local 
government bodies, which are responsible for detailing this regulation and implementing it; 
and 3) groups formed by businesses, banks, SOEs, society, and other stakeholders who wish 
to influence policy. In Brazil the first group constitutes mainly of the MME, CNPE and 
legislative power, which defines energy policy. The second group is composed of ANEEL 
together with local governments, which detail and implement the regulation, while the third 
group influences both groups' decision making process. As for China, the guidelines regarding 
energy issues depend mainly on NDRC together with NEC. The second group consists mainly 
of NEA and local authorities, while the third group influences both groups in terms of the 
decision making process.  
 The observed difference in solar energy policies is partly explained by variation in 
State–business relations in Brazil and China. Brazil’s public–private partnership model and 
China’s state corporatist model are different approaches to aligning interests between the state 
and market players. This study demonstrates that associations and businesses are both present 
in the decision-making process in China. They lobby central, local government, think tanks 
and government research institutions. Moreover, organised civil society emerged quite 
recently in both countries and focuses mainly on environmental issues rather than energy-
related questions. Yet, it is unwise to discard their influence on the decision-making process, 
which is different in both countries. Evidently, after the end of dictatorship civil society in 
Brazil has more leverage in the decision-making process than in China, mostly due to the 
construction of the democratic political system. Yet, it is possible to see the rising 
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involvement of civil society in environmental matters and the initial work on energy related 
issues in China.  
Another important similarity with China, which was also highlighted by Souza and 
Cavalcante (2016), is that the Brazilian government intends to use the public financial sector, 
precisely BNDES, as a tool to boost the national PV industry. China also used policy banks to 
boost the PV sector and continues to do so with more restrictive rules than before. Chinese 
banks have both inward and outward-looking policy, also providing funding for overseas 
projects. However, an important difference to consider is the fact that the Chinese banking 
system is highly influenced by government interests and can easily be manipulated. On the 
other hand, the Brazilian system doesn’t have the same ability to subsidise interest rates to 
support the growth of a specific sector, as this would increase its indebtedness.  
Research also demonstrates the influence of foreign countries, organisations and 
NGOs in the decision-making process both in Brazil and China. The fact that developed 
countries were pioneers in exploring PV technology leaves the emerging countries highly 
influenced by foreign experience. For China an important role played by Denmark and many 
other European countries in renewable energy development, especially in the wind energy 
sector, for example through the establishment of joint research centres. In Brazil, the German 
government, through GIZ
32
, promoted many projects on solar energy, spreading information 
about the technology and working closely with the government, industry and academia. 
However, the social conditions in developed economies are often different from those in 
emerging countries, thus more exchange of experience between southern countries is usually 
favoured by both governments to boost renewables.  
Government plays an important role in both countries, as it defines policy and 
incentives. In both countries, the government bodies responsible for policy design would also 
usually consult the associations, experts and companies from the solar energy sector. Due to 
the recent emergence of the solar energy sector, there is a scarcity of information on the 
impacts that policy measures have on businesses, therefore government officials have to 
consult the solar energy experts and business associations. Local governments are also 
important for solar energy development in both countries despite their different positions in 
Figure 21 and Figure 30. The results demonstrated how interests of different local 
governments impact solar energy development in Brazil. The states with successfully built 
foundations for solar energy stand out in the overall map of project distribution, especially for 
                                                 
32
 The German Agency for International Cooperation (GIZ) 
158 
 
Distributed Generation in Brazil. In China, the ability to develop ad-hoc policy at the local 
level proved to be essential for successful industrial development.  
The importance of local governments is not only limited to the Brazilian and Chinese 
cases. Li and Yi (2014) examined the relative effectiveness of State and local policy tools in 
supporting solar PV installations in 186 U.S. cities. According to their findings, cities 
implementing local financial incentives have 69% more solar PV capacities than cities that do 
not have such policies. The interest of the government is often supported and influenced by 
lobby groups which are an important factor to take into account. While for many decades, the 
energy sector provided financial support to political campaigns, the same financial support is 
not always seen positively coming from the green energy industry. For example, In Germany 
Frank Asbeck, CEO of Solarworld AG in Bonn, Germany, was criticised for his generous 
contributions to numerous political parties in Germany (Beer 2014). It is unwise to deny the 
existence of support to political parties from different interest groups and if renewables 
industry does not participate, they might lose to a sector which contributes more and could 
jeopardise its future. Thus, the understanding of each stakeholder’s interests is of great 
importance to solar energy development.  
5.2: Interests  
Politics is partly about the pursuit of interests. Many different players, as well as the 
global context, influence politics and all of them have their own interests. The question which 
arises is how some interests prevail over others and what positions they have in comparable 
countries. Actors often gather into groups to pursue common interests. This happens with 
political parties, business associations and the civil society. They all have their own interests 
regarding the solar energy sector, while those interested are affected by the international 
environment. Thus, the pursuit of material interests through interest-group politics is affected 
by the global context and, in turn, interest groups battle over alternative development paths. 
The guiding questions here would be: Is solar energy development a State, private or civil 
society interest? Who are the winners and losers of solar energy development? What are the 
interests behind governmental support to solar energy? 
In the case of China, solar energy was quite often pushed both by the private and the 
public sectors. Starting from the remote areas and governmental projects, many PV systems 
were implemented to provide electricity to remote areas. After developed countries introduced 
subsidies to boost renewables, many private companies emerged, perceiving the potential for 
business and export. However, government still supported these emerging companies with 
favourable loans, often through SOE investments. The PV sector is indeed one of the few 
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energy sectors in which private investments predominated for a long time. However, after the 
anti-dumping measures entered into force, government or SOEs had to intervene again in 
order to prevent the manufacturing facilities from closing and firing millions of people. 
Government had managed to create a system in which almost all stakeholders could benefit 
economically from solar systems. Yet, research indicates the possibility that grid companies 
can oppose solar energy development if the re-compensation mechanism won’t be created.  
 The main interest of Chinese consumers or entrepreneurs is economic rather than 
environmental and is driven by payback and generated income. Thus, foreign demand for PV 
products generated interest from the private sector. Later, when the PV sector demonstrated its 
social, economic and environmental benefits to the government, public incentives emerged to 
boost the national market generated by the new national interests. The subsidies structure 
created by the government sustained market demand after the anti-dumping measures, while 
through the “Top runner programme”, private market interests were shifted towards more 
innovative PV technology. Thus, solar energy constantly alternates between the prevailing 
interests of the public and private sectors. This plays in favour of the sector’s sustainable 
development, as multiple interests reinforce simultaneous market and government incentives.  
Local governments became interested in boosting solar energy when they discovered 
the sector’s positive impacts on the local economy. The PV sector brings economic benefits 
from the locally installed manufacturing facilities: taxes, new jobs, emission reduction and 
recognition from the central government. Moreover, the development of DG boosts the 
service sector, employing more people and bringing more revenue. This is an interesting 
opportunity for the increase of installed capacity without large capital investments. An 
additional factor for local government interest is the inclusion of environmental factors in the 
evaluation scheme, which before was dominated by economic indicators.  
The nascent civil society is still poorly presented in the solar energy decision-making 
process, yet their interests would be, essentially, to change the electricity mix to improve local 
air quality. It is upsetting for the Chinese to have their cities drown in smog because of the 
health outcomes, reaching a point at which it is impossible to silence the challenge. While 
environmental organisations are legalised by the government, it is rare to find NGOs working 
with energy issues. This weak presence of civil society might be explained by the interest of 
the ruling party. Regarding national interests, the communist party defends its right to 
monopolize all kinds of legitimate authority and its understanding of the interests of the nation 
while interest groups have too narrow and self-interested views (Zweig 2017).  
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The following question arises: what are the interests behind a central government's 
support to the development of renewable energy? The communist party would like to remain 
in power, as any other government and to do this it has to deal with major social discontent. 
By fighting climate change and investing in renewables, government shows the citizens its 
recognition of the problem. As interviewees highlighted, the government feels pressure from 
society, since modern technology with applications such as wechat, weibo or others can 
spread information very fast and show that the environmental question is one of the major 
problems to deal with.  
Another imperative interest which drives central government to explore solar energy is 
its plan to become an innovation-driven economy. The PV industry enters this category of 
high tech and could not only boost its economy, but also promote innovation and high added-
value exports. Solar energy is an important tool for soft power, which the government can use 
during international negotiations and to promote international cooperation. China has already 
become well known for its renewable energy advances and this contributes to changing the 
image of China as an innovation-driven economy. Additionally, PV technology promotes 
energy security and the diversification of the electricity mix. It fulfils the government's 
obligation to provide energy access to all citizens. Social programmes led by the government 
bring additional income to poor families, using private space to install additional energy 
capacity. All these interests that central government and other actors have managed to 
envision, were drivers for the development of solar energy in China.  
The roots of solar energy demand in Brazil, similarly to China, come from the remote 
rural areas, where government subsidised solar systems in order to provide electricity to these 
communities. The central and local governments’ interest there were to be re-elected and gain 
additional voters, by providing electricity to the poor. The real push to explore solar energy 
came once more from the government when the net-metering system was later established 
together with the auctions. Solar energy companies are private in Brazil, yet they are not so 
numerous as in China. The number of PV manufactures is limited and mainly consists of 
private and foreign investors. Regarding the DG sector, after net-metering regulation entered 
into force, the number of small and medium enterprises installing PV systems increased every 
year. Many entrepreneurs working with PV installations stated in interviews that they entered 
solar business because they believed in the potential of the market and were environmentally 
concerned. They often argued that if their interests were financial, they would work in other 
sectors. Solar energy is seen in Brazil as a positive innovative way to resolve environmental, 
economic and social problems. Yet, research shows that the driving force of consumers, as in 
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China, remains the economic viability of the project. Moreover, the high capital costs makes it 
limited largely to wealthy populations or to poor areas which receive government aid. 
Similarly to the Chinese case, the study indicates the possibility that power utility companies 
can create barriers for solar energy development if the re-compensation mechanism won’t be 
created. Yet, the payback of systems will be jeopardised, as these measure will add additional 
costs. 
The Brazilian PV industry is in its initial development stage, yet it has already formed 
PV associations together with other private stakeholders, as for instance ABSOLAR. It is one 
of the important players in the electricity market, but it often focuses on large-scale PV power 
plants and industry. Government collaborates with ABSOLAR regarding new regulation, 
through public audience and consultation meetings. Thus, the interests of large companies are 
represented by ABSOLAR, while the interest of the DG sector is led by NGOs and other 
forms of social businesses related to mobilisations.  
Organised civil society is actively present in Brazil and both national and international 
NGOs are equally working on energy questions. Their interests would be to bring energy 
access to remote areas, to diversify the energy matrix by adding cleaner power and provide 
more sustainable power supply sources. Although deforestation is still the main source of 
Brazilian emissions, since 1990 emissions from energy systems and industrial processes have 
increased, raising various concerns for society (Viola and Basso 2015). Due to the raised 
concerns, as well as a wish to preserve its image as a clean energy promoter within climate 
change negotiations, the Brazilian government later changed its position, emphasising the 
environmental factor in the decision-making process. Consequently, the Proinfa programme 
was created in favour of renewable energy resources which at the time were largely wind, 
small hydro and biomass projects, while solar energy didn’t enter the programme due to its 
high costs. As in the Chinese case, research indicated a possibility of grid companies opposing 
solar energy development in the case of non-creation of the re-compensation mechanism. Yet, 
this mechanism might jeopardise the payback of systems by increasing it by several years. 
Up to 2017, the federal government regulated the market more than it elaborated 
incentives to boost the PV sector. The local content rule was an important step towards the 
support to the national PV industry, but the taxes, jointly with the electricity tariffs, result in 
the uncompetitiveness of nationally produced PV panels. Brazilian solar energy stakeholders 
often have conflicting interests which result in poorly coordinated policies. Often, officials 
argued that Brazil produces enough clean energy and support to the solar sector is 
unnecessary public spending. Others emphasised the importance of electricity diversification 
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and the role of solar energy in achieving environmental targets and social development. 
Different ideas translate into different interests, which drive the solar energy sector in Brazil. 
In comparison, in China there is a unity of political will to integrate solar energy but different 
approaches to the process; Brazil doesn’t give the impression that it focuses its interest on the 
PV sector. However, as we have seen with the change of the ruling government, the interests 
are changing as well.  
Thus, State interests are mainly the reduction of hydro-dependence; the diversification 
of the electricity mix; bringing energy to remote areas; and improving the environmental 
situation. Moreover, the solar sector brings foreign investments, local economic growth and 
advanced technologies which are valued not only by federal, but also by local governments. 
The different interests which exist at the local level can also be seen through maps 
representing local installation of distributed and central PV systems, as well as state tax 
exemptions schemes. For example, Minas Gerais’ advance in DG can be explained by the 
state’s history with solar energy, as well as its high electricity prices; while in the Bahia state 
there are the most large-scale projects, which can be explained by better irradiation and 
existing wind power plants, providing ready-to-use infrastructure for solar projects. The 
involvement of local governments is particularly important for DG, which depends highly on 
additional government support to flourish in the region.  
In the scenario of Chinese rapid expansion and the domination of many sectors, Brazil 
is challenged to reinvent its industrial strategy and redefine its interests, so that they are 
compatible with the emerging economic and geopolitical order (Dwyer 2016). One way of 
doing this is to search for a better understanding of its partners and their interests and 
identities.  
5.3: Identity  
Identity is formed by culture, history, religion, ethnicity and many other factors. 
National identity is a very complex notion, which is constantly changing. Modern societies 
constantly generate new identities, which are often translated into the new political views. The 
emergence of new parties or other forms of organisations reflects changing identities and the 
need for their political representation. For instance, the emergence of environment oriented 
organizations both in Brazil and in China in the 1980s were a reflection of development and 
political freedoms as well as a possibility to express concerns about the environment. The idea 
which the society has about solar energy is of high importance for policy formulation. After 
all, the identity of concepts is based on ideas, and then translated into public policy. The 
importance of institutions and of interests is high and well covered by academia, yet without 
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the reformulation of identity it is hard to impact the solar energy sector. The guiding questions 
here would be: How does the international interconnectedness of a nation together with its 
historical background reflect its attitude towards solar energy? What kind of ideas are behind 
the solar energy concept in both countries? How is it possible to redefine the concept of solar 
energy in order to find new drivers for its growth?  
China has a consolidated sense of its own nationhood; one look at a map is enough to 
show that the empire consisted of many different ethnic groups and languages. The unique 
path which China has chosen can also be explained by its connection with the global world. 
Unlike Brazil, which has always viewed itself as having a historical connection with European 
culture, China has always understood itself as culturally distinct from Europe. This cultural 
perception translates into its unique ideas about innovation and technology. Throughout many 
centuries, the Chinese population treated innovation negatively, as rebellion against traditions. 
Yet, the fact that PV technology was supported by the government helped it to be perceived 
positively, as respect towards authority is also constitutive of this culture.  
China’s political development has always been heavily influenced by the global 
context in which the country found itself. The emergence of the nationalists and communists 
as the competing political forces in China was embedded in the country’s desire to regain its 
power and rightful place in the world. Generally, China demonstrates the willingness to 
become a leader in many sectors. The difference with the solar energy sector was the fast and 
aggressive way in which China entered the market, becoming a leader in a short period of 
time. The strong government engagement into the development of PV technology indicates 
the direction which the country has taken towards its positioning on the global arena – as an 
innovative country which is slowly changing its current image as a global polluter.  
The survey conducted by Dwyer et al. (2016) showed a confluence of values around 
the environmental issue, which is pointed out as a possible cooperation area between Brazil 
and China. Moreover, the survey demonstrates how Chinese and Brazilian young university 
students see each other regarding environmental preservation actions. The results 
demonstrated that some Brazilians are quite critical of China's role in relation to the 
environment, while the Chinese have a positive assessment of Brazil's role. Yet, respondents 
in both nations are preoccupied about their own degradation of environmental conditions. The 
same survey indicates that young people in both countries are concerned about solid waste 
treatment, air pollution mostly in China and deforestation mostly in Brazil. The common 
ground indicated by the study could serve as an important platform to construct Sino-Brazilian 
cooperation. Solar energy technology represents an effective way of responding to the 
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perception which China has towards Brazilian society. Thus, PV technology represents one of 
the tools of soft power to transform perception of the Chinese contribution to environmental 
preservation in the world.  
The relationship between culture and energy is constructed throughout a long period of 
time, being a part of national identity. The history of the electricity sector that was presented 
in the second chapter shows the foundations for this cultural perception of energy. Initially, 
the Brazilian energy sector was private and then became public starting from the 1960s. When 
energy became publicly owned, its image shifted towards the idea that it was cheap and 
publicly available since government provided energy at differentiated prices based on family 
revenue, subsidising the difference. As for China, the energy sector was always publicly 
owned with controlled electricity prices. Consequently, in both Chinese and Brazilian 
societies, energy is perceived as a public good, resulting in a lack of electricity efficient 
behaviours. However, previously mentioned survey indicates that Chinese students turn off 
the light, while Brazilian don’t (Dwyer et al. 2016), indicating ongoing changes in social 
behaviour in China.  
Similar to China, the use of PV technology emerged recently for a large part of the 
Brazilian population. Apart from the evident connection with environmental issues, PV is also 
associated with technological development in the minds of Brazilians. Literature overview 
together with my personal observation indicated that there is a perception among some 
Brazilians about solar energy as an innovative, futuristic, costly technology, available only to 
some people. These words show that solar energy could be seen as a very distant project, that 
the future generations should engage in, but is not yet affordable for us.  
The study demonstrated a different governmental perception of how society would 
react towards support to solar energy. The solar energy incentive programmes in China 
increased electricity rates overall, introduced social programmes with installation of PV in the 
poor neighbourhoods and schools. The Chinese government actively used the technology in 
social policy, demonstrating its engagement to reduce emissions. On the other hand, the 
Brazilian government treated with caution any solar-related incentives as they would raise the 
electricity tariffs, increasing discontent within society. As of today, the scale of social 
programmes related to PV technology was limited to off-grid installation and only recently the 
option to install PV systems was included in the “Minha casa Minha vida” programme.  
Therefore, the social pillar demonstrates the importance of the construction of solar 
energy identity. How can society benefit from solar energy and how could it impact its 
development? As we demonstrated in the first chapter, solar energy generates jobs, taxes and 
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adds value to the local economy, reduces the need for new large hydro power plants. At the 
individual level, the value of houses where solar energy is installed rises; people can save 
money in a long-term on energy bills; and those who don't have access to energy can secure a 
stable and clean electricity source. Investment in a PV system is usually more financially 
profitable than buying a car, which is almost in the same price range.  
Research points out the scarcity of attention given to the gender question and its 
relation with solar energy. Women are important drivers for further solar energy development, 
as they benefit from the switching to solar energy sources. Energy policies affect men and 
women differently, as their home, work and roles in the community differ. The effects of 
energy poverty on women and girls are harsh, as they are usually responsible for cooking and 
wood collection. Lack of recognition of women’s role in the energy sector often leads to 
financing and executing gender-blind energy policies (UNDP 2013). For instance, by 
prioritising large-scale projects, institutions are de-emphasising investments in small-scale 
projects that benefit women and poor communities. In both Brazilian and Chinese societies 
the role of women in solar energy development is usually underestimated, having a huge 
potential for gender equality, improvement of women’s lives and boosting of the PV sector.  
Generally speaking, the study indicates the lack of a social pillar of the solar energy 
concept in both Brazil and China, where social issues are of high importance. The small 
survey I conducted in Brazil and China generated new questions about the presence of social 
pillar in the solar energy concept, as many respondents were not only answering the question, 
but also giving extended answers. For example, Professor Marcos
33
 responded that he thinks 
that his students will associate the solar energy concept most probably with environment or 
innovation, just because they don’t know enough about the possibilities which solar energy 
could bring for the society, except for the well-known consequences in terms of job creation 
and economic development, which normally are distant from people’s lives. Therefore, the 
question arises about the level of awareness on social benefits from solar energy development 
for developing countries such as Brazil and China. Moreover, will the increased awareness 
about the social aspect of the technology bring additional drivers for its development? Due to 
the fact that the identity of solar energy is under formation in both countries, this could be an 
important moment for its redefinition. By making PV technology an affordable option for 
poor populations, the idea around solar energy would be redefined not as being something 
futuristic, available only for rich or expenditure rather than investments. By bringing the 
                                                 
33
 Marcos de Paiva Vieira – Economist and Professor at Guangdong University of Technology 
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social pillar into the identity of PV technology, a completely different picture could be 
created, changing its further development path. 
 
Final findings 
The purpose of the current study was to test the research hypothesis that the growth of 
the solar energy sectors in Brazil and China are conditioned to the development paths of the 
national energy sector, to institutions, as well as to their insertion in the globalised world. As a 
framework for analysis, the comparative method together with the cosmopolitan perspective 
were used to gain a detailed understanding of national solar energy development in Brazil in 
its interconnectedness with the global and in particular to the Chinese market. Primary and 
secondary data relating to the solar energy sectors in Brazil and China, such as documents, 
reports, books and interviews with key stakeholders, were used as a basis for the analysis.  
Finally, the study questioned why solar energy has rapidly developed in China and not 
in Brazil. Both countries are emerging countries with a strong need to diversify their 
electricity mix, yet the same international context impacted Brazil and China differently. The 
answer to the question above lies in many factors connected to the development paths of the 
national energy sectors and to institutions, as well as to their insertion in the globalised world. 
Firstly, solar energy development in Brazil and China demonstrated the dependence on 
the development path of the national energy sector. In Brazil the power over the whole 
electricity sector alternated between the private and public sectors, while in China the power 
over the sector was switched between the central and local governments. This pattern has 
determined the relationship between the State and private actors, influencing solar energy 
development. For both countries, the 1980s represented a turning point during which they 
conducted political liberalisation and economic reforms. Also, many institutions formed 
around environmental issues to pressure government for changes in the national policy 
towards natural resources. However, the liberalisation process took both countries in different 
directions regarding solar energy policy. China relied heavily on coal and the environmental 
conditions have been aggravating each year. Additionally the private sector emerged at the 
same time in China and got the possibility to enter the State-controlled energy sector. The 
central – local relationship in the energy sector opened a window of opportunity for 
companies to enter the sector with small energy projects. For the development of the PV 
Industry the power allocated by the central government to the local level enabled the 
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provision of ad hoc support to the industry, increasing its competitiveness on the international 
market.  
Regarding Brazil, the public-private relationship in the energy sector established more 
cost-based energy planning, where the main conditions for energy sources to enter the 
electricity mix became competitiveness and security of provision. Over many decades Brazil 
suffered from a lack of installed power capacity, yet most of the energy came from renewable 
energy sources. The success in biofuel development together with the discovery of the pre-
salt reserves directed the government's attention towards further electricity mix 
diversification. The government started incentivising the solar energy sector only when its 
price was low enough to compete with other sources. Over many years the Brazilian 
government prioritised conventional energy sources such as hydro and thermal power, and 
didn’t have the pressure to develop new sources. Even though, similarly to China, local 
governments could support the PV industry, neither central government nor private companies 
demonstrated a strong interest in entering the international solar market. When the national 
PV industry finally started to emerge, Brazil was already a late-comer in the PV sector and 
struggled to enter the international market.  
Secondly, national institutions together with interest and identity impacted solar 
energy development in the selected countries, through regulation and market incentives. The 
Chinese PV sector benefited first of all from the local and central policy support, the available 
funding options to develop its production capacity, while Brazilian counterparts didn’t have 
the same resources and support from institutions. This could be partially explained by national 
interest in the sector. The Chinese government received growing pressure over its 
environmental policy, it had to reduce the use of coal and diversify the electricity mix. 
However, another interest of the fast growing economy was to maintain economic growth 
through access to the new technology and export of more value-added products. The newly 
established technology-led economic transformation was in consonance with the solar energy 
sector. Government saw the possibility of using the technology for soft power and access to 
innovation. Moreover, PV technology could help the government bring electricity to remote 
communities and to reduce inequality. All these interests empowered the institutions to 
support the solar energy sector, providing them with the required resources.  
The Brazilian PV sector also had similar drivers, such as the aims to diversify the 
electricity mix; to spur economic development; to advance the high-tech sector, to bring 
energy to the remote areas and to reduce GHG emissions. The local content rule implemented 
by the BNDES indicates Brazilian ambitions to become a new global player in the PV field. 
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However, a local content rule cannot, on its own, create a competitive industry which would 
be able also to export the products abroad. The government opted for more market-led 
development paths and the institutions acted more as regulators than as a support mechanism. 
Government and other important players were not convinced about the need to incentivise the 
solar industry, as in China the PV panels could be produced at a more competitive price. 
However, if the national industry was not developed, if it only incentivised solar energy 
generation, Brazil would create dependence on foreign technology.  
There are sets of core ideas about the concept of solar energy in public policy, formed 
due to the interests linked to them and translated into different public policies across 
countries. For the Chinese society the concept of solar energy represents environmental, social 
and innovation advantages attending to the interests of key stakeholders, which is possible to 
trace through the policy measures and public discourses. For Brazilian society, the ideas 
behind the solar energy concept are mainly the same, yet the interests linked to them don’t 
have the same driving forces as in China. First of all, Brazil doesn’t have the same 
environmental problem to promote costly solar energy integration into the electricity mix. 
Secondly, the futuristic concept created around solar energy postpones any immediate actions 
which could be needed, leaving it for future generations and neglecting the immediate social 
benefits the technology could bring. Finally, the interests linked to the solar energy sector 
mainly come from the private sector, leaving the government to play the role of a regulator. 
Furthermore, despite the fact that civil society and academia play an important role in the 
Brazilian policy-making process, they showed limited interests in solar energy promotion.  
Finally, insertion into globalised world trade and foreign factors were demonstrated 
to have significant influence on solar energy development in Brazil and in China. Throughout 
the history of solar energy as a whole, we traced the importance of some developed countries 
and companies, which created the economic environment for the large-scale deployment of 
solar energy. The industry didn’t emerge in the hands of several corporations, but was 
scattered within different States, increasing the global interconnectedness of the sector. At the 
beginning of RES technology development the main players were developed countries, but 
this pattern is switching towards the developing economies. Consequently, South-South trade 
increases together with the share of renewable energy products in its trade balance.  
The Chinese PV sector emerged under the influence of national preferential loans, on 
the one hand, and the massive demand from North Atlantic countries, on the other hand. The 
anti-dumping measures imposed by developed countries on Chinese PV panels, reshaped its 
trade towards other markets. This scenario also directed the national solar energy incentives 
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policy in China and the nationally installed PV capacity increased rapidly. The overproduction 
crises in PV sector, which resulted from the anti-dumping measures imposed by the developed 
nations, led to the price-cutting of PV panels. Additionally, climate change negotiations 
became an important factor to increase the national renewable energy generation. Chinese PV 
industry still highly depends on world trade and it constantly searches for new markets. 
Brazil emerged in the global PV market at a time when Asia was the gravitational 
centre of the PV industry. The continuous price decrease started in 2008, reached in 2012 the 
lowest level of less than one dollar per Wp. The low prices of PV technology resulted in the 
increase of interest from the Brazilian private sector and later government established a set of 
incentives to boost the sector. Additionally, the engagement under the climate change 
negotiations, the overseas investments and need for new technology were all important 
external factors which influenced the re-direction of national policy towards solar energy 
integration. The Brazilian PV industry is highly interconnected with other countries, as the 
current national production highly depends on imports. The PV industry in Brazil is still in 
process of consolidation and it has the possibility of taking on a leading role in a global 
renewable energy market. The Brazilian government has an objective to position a country as 
a global player in the international PV market, following the pathway of wind turbines. The 
high solar irradiance levels, the vast reserves of silicon and the enormous potential of the 
internal market set up a positive combination for the advances in this sector. Yet, the absence 
of adequate government support could restrain the development of the local solar sector.  
Contrary to developed countries in which the role of solar energy is largely dominated 
by environmental consciousness, in emerging countries solar energy plays a different role 
even though highly influenced by the developed countries. In Germany, for instance, society 
played an important role in the electricity mix change process. The idea about the importance 
of renewable energy was translated into interests through gaining representation at the 
political level. Thus, while for developed countries identity was often a driving force for 
political change, emerging countries such as Brazil and China demonstrated different 
priorities. Despite the fact that in both countries, societies had a positive attitude towards solar 
energy, the prevailing force for solar energy remains the interests of the private sector and 
incentives from public institutions.  
PV technology became an important tool for social policy in developing countries as it 
is used not only to bring the electricity to remote areas, but also to reduce inequality. This new 
perspective towards solar energy is capable of reframing the ideas behind the concept of solar 
energy, reducing barriers for technology deployment. Moreover, an interesting finding was 
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the difference in the perception of social reaction towards the support of solar energy, as the 
Chinese government actively used the technology for social policy, demonstrating its 
engagement to reduce emissions and inequality. The Brazilian government, on the other hand, 
treated with caution any solar-related incentives, as they would raise electricity prices, 
increasing the discontent within society. 
Taken together, these findings emphasise the significant role of the development paths 
of the national energy sector, of the State-building process and of the insertion into globalised 
world trade. The study highlighted the main international and national factors which 
influenced the development paths of solar energy in Brazil and China. However, further 
development and spread of PV technology is inevitable and the reflections should be 
conducted about how the countries will embrace this technology and how society can benefit 





The roots of solar energy in emerging countries come from remote rural areas, 
pointing towards the undiscovered potential for social transformation. PV technology can be 
used not only as a tool to diversify and decarbonise electricity generation, but also in many 
other areas such as economy, industry, environment and most importantly, social policy. The 
technology enables huge social transformation potential which the emerging countries 
strongly need. However, narrow perspectives for the application of the technology, as seen by 
its main stakeholders, limits its transformational potential. 
Despite the fact that in China enormous work has been done regarding the use of solar 
energy for social purposes, the sector is still dominated by large-scale power plants and big 
industries. By prioritising small PV projects together with distributed generation, more 
stakeholders would benefit, as capital would be spread through many companies and 
communities instead of being concentrated in the hands of big companies. Moreover, by 
prioritising the financing of small projects more women could be empowered. On the other 
hand the costs are usually less when the projects are centralised and more jobs can be created 
in large-scale projects. Thus, the point of equilibrium is important in order to ensure not only 
the economic and environmental benefits, but also the social aspects of the projects.  
In Brazil, where there are still people living without constant electricity access, PV 
technology provides important potential for social transformation. Moreover, the technology 
could be used to reduce the inequality gap, redirecting the payments from the electricity bills 
towards other needs. However, current perception of solar energy as a futuristic and expensive 
technology stops it from developing fully. The government refers to social justice and 
increase of electricity prices when discussing support measures for solar energy.  
It’s impossible to think about social transformation without raising the questions of 
gender and women’s empowerment. The study demonstrated many positive outcomes the PV 
technology brings for women and children. Moreover, women could play a leading role in the 
transformation of their community’s energy mix. As was cited before, WWF often chooses 
older women to train at PV system integration in the remote communities, as they are usually 
the most respected; they probably won’t leave the village; and they tend to care the most 
about the community (Mathya 2017). However, it is hard to ensure that solar energy 
interventions meet the needs of female and male household and community members, if there 
is no equal participation of women and men in energy decision-making processes.  
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Neither Brazil, nor China is exploring fully the social transformation potential the 
technology brings. The government and main funding institutions remain male-dominated, 
lacking gender responsive and holistic approaches. Research conducted by academia and 
other institutions on the social impacts of the PV technology is rare and too narrow. 
Consequently, more studies and research should be done regarding the social and especially 
the gender impacts the renewable energy brings for developing economies. This study 
demonstrated how lack of awareness about the PV technology could be a barrier, as well an 
opportunity to redefine the identity of solar energy and the ideas which constructed this 
concept. By redefining ideas about solar energy, from futuristic and expensive technology 
toward a more socially-centred concept, we could change the development path of the 
technology. In emerging countries with many social problems this could be a gateway for the 
technology to spread and reduce inequalities.  
The social, environmental and economic possibilities PV technology brings, as well as 
its phenomenal rate of development, as demonstrated in the first chapter, indicate that further 
development of the technology is inevitable in order to meet an ever-growing global demand 
for electricity. Thus, the question is how the country positions itself towards this new 
globalised energy transition. As demonstrated in the third Chapter, the Brazilian states which 
prepared themselves for PV insertion by elaborating regulations and research centres before 
the incentives policy was established, took a leading part in the national PV race. Thus, Brazil 
has to prepare itself for a new energy transition where solar energy will take a leading part 
amongst other technologies. Otherwise, Brazil could remain a late-comer and create a strong 
dependence on other countries, especially China, which currently leads the technology race.  
The interconnectedness between the countries is an important factor to consider the 
Brazilian policy analysis. Nowadays, China is placed as a dominant player in the solar energy 
sector, yet this interdependence could be reversed towards more cooperation between the 
countries. This research has several practical applications. Firstly, it provides clear guidelines 
for the main stakeholders of the solar energy sector in Brazil and China about the structure of 
the market, the main drivers, the key stakeholders and the opportunities for cooperation. 
Secondly, it points to the “interconnectedness” of solar energy development in Brazil and 
China; lastly, it enhances our understanding about the identity of the solar energy concept and 
indicates the missing link regarding the social implications solar energy could bring for 
developing economies.  
Therefore, the study indicates the following areas which could strengthen cooperation 
between the Brazilian and Chinese PV sectors: 
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Policy: Due to the nascent stage of PV development in Brazil, it becomes an open platform 
for experiments regarding new incentives mechanisms and the first-comers could benefit from 
the openness of central and local government toward legal changes.  
Distributed Generation: The advanced net-metering mechanism implemented in Brazil 
could be an interesting example to be examined by China, where there are limited options for 
distributed generation.  
Education: In both countries the educational systems regarding solar energy are under 
formation and the cooperation in this sector might be an entrance point for many companies. 
Also, educational programmes could serve as a soft power tool and possibility for the Chinese 
government to change its image within Brazilian society, promoting innovation in other 
countries.  
R&D: Research is another prospective area for international cooperation. China possesses 
know-how in solar energy, while Brazil has extensive experience in other areas such as 
biofuel, which is of great importance for China. More innovation is still needed in the PV 
sector; moreover, the conditions often vary depending on the countries requiring the 
adaptation of technology. Thus, there is a vast scope for cooperation in this sector, which 
could be an entrance into the market. The Brazil-China Centre for Climate Change and 
Innovative Energy Technologies could be used as a platform for cooperation on R&D 
between different companies and universities regarding the solar energy sector. Yet, more 
similar channels for cooperation need to be established. 
Funding: Lack of funding options is an important barrier for project development in Brazil, 
while Chinese developers enjoy availability of credit options from state banks, especially for 
overseas investments. However, due to the fact that many Chinese developers often use the 
BNDES financial resources indicates that the risk associated with the volatile exchange rate of 
the Brazilian real is still high.  
Industry: PV industry is emerging in Brazil and high expectations regarding the sector's 
growth ensure investments in this sector. One of the biggest barriers to national PV industry is 
high fiscal burdens and other factors, which translate as an incapacity to compete with 
Chinese factories. However, the fact that there are still few players in the Brazilian market and 
there is potential for PV growth opens possibilities for cooperation in the manufacturing 
sector, which Chinese companies have already started to explore. 
Services: Maintenance, operation, design and installation of PV plants will be of high 
importance in Brazil, country which has all the resources to provide a fast market response. 
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Regarding China, the further growth of Distributed Generation is expected, thus the service 
sector should also generate additional demand in the coming years. 
Social projects: Brazil and China are both developing countries with different social 
problems, such as a lack of stable electricity access, social inequality and others. Solar energy 
could be used as a tool of social policy in these countries, providing innovative solutions to 
old problems and a platform for cooperation. The literature overview demonstrated a scarcity 
of gender-related literature within the context of solar energy use. Yet, this could be an 
important tool to empower communities and disseminate PV technology, contributing towards 
the social issues.  
Identity: the research drew the different pillars of its identity of solar energy. Beyond the 
well-explored environmental image solar technology has, it also contains the innovation and 
social pillars. Both societies have similar perceptions of solar energy as a tool to improve the 
environment and in both countries there is a lack of awareness about other possibilities of 
solar energy. Due to the fact that the identity of solar energy is still under formation, the 
additionally identified pillars could construct a more complete picture and enable its further 
development.  
Brazil is competitive in project development, research studies, and services, among 
others. Yet, it lacks competitiveness in more labour intensive processes, facing higher tax and 
interest rates. Chinese companies could be suppliers, subcontractors or partners of Brazilian 
companies, but need to plan around the local-content requirement. The relationship is often 
built with the auction winners and their suppliers. Local content policies have been 
implemented and are expected to become increasingly strict between now and 2020. From 
2020 onwards, developers will have to use Brazilian-made cells in order to apply for low-rate 
loans from the BNDES. Regarding the possible difficulties Chinese companies could meet in 
Brazil, the extended bureaucracy, such as certification acquirement, plays an important role. 
The fiscal system is also very complex, as there are multiple taxes and high taxation on 
payroll.  
This information can be used to develop targeted interventions aimed at strengthening 
Sino-Brazilian cooperation in the solar energy sector. The comparative analyses between the 
two countries enabled us to identify the common ground for cooperation, finding the solution 
to their problems together. Furthermore, by bringing the social pillar into the solar energy 
concept, we could start to have a completely different picture of technology and the concept 
as a whole. I believe that instead of leaving our duties to the next generations, we should focus 




Further research ideas:  
More interdisciplinary research is needed in Brazil-China studies. It is recommended 
that further research be undertaken in the following areas: 
➢ Identity of solar energy. What are the ideas which define solar energy development? 
➢ The role of local government in solar energy development in emerging countries. Why 
does PV technology develop better in one state or province than in the other? 
➢ The gender question and solar energy: benefits for the communities, the role of women in 
solar energy development, as well as the scarcity of female representation at the decision-
making level and how it affects solar energy policy. 
➢ How is internal behaviour of Chinese SOEs different from their behaviour abroad?  
➢ What is the government's perception of the society’s actions in support of solar energy and 
their reaction to electricity price increases? How can PV technology be used in the 
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